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FOREWORD

This report summarizes the work conducted by McDonnell Douglas Astronautics

Company-East (MDAC-E) in St. Louis, Missouri for the Structures and Mechanics

Division of the NASA Johnson Space Center (NAS-JSC) under Contract NAS9-13439,

"Data Correlation and Analysis of Arc Tunnel and Wlnd Tunnel Test of RSI Joints

and Gaps." This final report consists of two volumes: Volume I - Technical Report

and Volume II - Data Base. The period of performance was from 16 May 1973 thru

31 January 1974.

Mr. Donald J. Tilllan was the NASA Technical Monitor for this study; Messrs.

: H.E. Christensen and H. W. Kipp were the MDAC Principal Investigator and Study

ManaEer , respectively. Significant contributions to this study were made by

Dr. H. J. Brandon, Messrs. L. H. Ebbesmeyer, H. J. Fivel, D. A. Osborne and T. _.I.

Parklnson. The cooperation of numerous NASA Personnel at Ames Eesearch Center,

Johnson Space Center and Langley Research Center in providing experimental data,

supplemental calculations and valuable counsel was instrumental to the success-

ful completion of this study.
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1.0 INTRODUCTION AND SUFR_L%RY

The reusable surface insulation (RSI) thermal protection system (TPS) for

Space Shuttle requires gaps at RSI Joints to accomodate structural deflection result-

ing from loads and thermal expansion. In addition0 allowance must be made for

manufacturin_ and assembly tolerances. At room temperature, gap widths under

current cons'_Jeratlon are nominally 0.127 cm (0.050") _ ,038 cm (.015"). In

orbital operation, these may shrink to near zero during cold soak or grow by as

much as 25%.

The successful application of RSI material for Shuttle thermal protection is

significantly affected by entry heating within the RSI gaps. Gap width, depth,

arossection geometry, gap orientation, boundary layer state and surface mismatch

are all known to affect conv¢:ctive heating within the gap and heat leakage to the

protected substructure. For instance, present study results indicate a flush

transverse butt gap 0.127 cm wide, increases TPS thickness requirements by

approximately 1/3 above the thickness required with no gap.

During 1972 and 1973, extensive tests of various gap configurations were run

by NASA to provide a data base for accurate assessment of gap heating. Data were

taken in both wind tunnels and in arc tunnels. In the present study, a large

segment of the available data was analyzed and correlated to obtain methods for

p_edicting heating in the RSI gaps on Shuttle. The following major tasks were

performed during the study:

o Assimilation of gap heating data from NASA facilities

o Analysis of the data to determine heating rates and sensitivities;

comparison of the various candidate Joints

o Correlation _f the assimilated data and the development of a gap heating

procedure which was applied to three Shuttle trajectories

This volume of the final report contains the gap heating data which were

assimilated during the current stu,4y. The data sources end test conditions are

summarized in Figure 1.0-1.

The data con lained in subsequent sections includes a description of each test

facility, run schedule and test conditionsj model descriptive information, temper-

ature response and heat flux data.

i., ., MCDONNELL DOUOLAJ ASTRONAUTICS COMPANV. £AIIT
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,GAPH£ATING_TA. SOURCES
t_

I , ,,

... INVESTIGATORS TEST FACILITY A DESCRIPTION
, ANDCONDITIONS

if,, r i i | mI i II i i i mm i II I

D. O. TILLIAN JSC 10 _ ARCTUNNEL LAMINARB.L.; 60 RUNS;NULLITE
: H, E. CHRISTENSEN .',HANNELNOZZLE PSI HODELS;BUTT, CONTOURED,
i' (1972-1973 -_.2 < M < 4.7 INCLINED, STEPPEDBUTTANDOVER-

;-_'" Re m-1 - 50,000 LAPPEDBLOCKJOINTS.
; I " i ||n ml iii I I ....

D. A. THROCKMORTON"LaRCHACH10 CFHT TURBULENTB.L.; 153 RUNS;THIN SKIN
H. E. CHRISTENSEN MODELTESTEDIN MODEL;BUTTJOINTS HITH INLINE AND

(1973) TUNNELHALL STAGGEREDGAPS;FLOWORIENTATION,
Re m-1 = 3.3 X 106 TILE HEIGHTMISHATCHANDGAPWIDTH

VARIED.
_lll m|

C. B. JOHNSON LaRCHACH8 VDT, MODEL LAMINARANDTURBULENTB.L.; THIN
(1972) IN TUNNELWALLAND FREE SKIN MODELS;INLINE ANDSTAGGERED

STREAM_ BUTTJOINTS.
1.1X106 < Re m"1 < 40X106

i I' Ill i i If li

W. K. LOCK_IAN AMES3.5 FOOTHHTFREE LAHINAR,TRANSITIONALANDTURBULENT
C. e. BLUHER STREAMMODEL B.L.; 71 RUNS;FLATPLATETHIN

(1973) S.O < M 5n_2 SKIN MODEL;INLINE, TRANSVERSEAND1X106 < Re 1 < 4.6X106 SWEPTBUTTOOINTS.
iii

F_Lsure 1.0-1

; i!2._

" "" 2
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2.0 NASA-JSC CHANNEL NOZZLE TESTS OF HCF GAP _0DELS

Thirteen gap models were _e_ted at as many as four gap settings each to deter-

mine convective heating in the gaps between tiles. Analysis at thirty six gap

locations is contained in Volume L The assoclatgd model data an_ test results are

contained in this Section. The test matri_ and tunnel characteristics are discussed

first. This is followed by descriptions of each model (including test fixtures and

adapters fabricated to hold the tile sets). Section 2.2 contains x-rays of each tile and

Section 2.3 contains photographs of tile sets. Measured thermal responses of the I

tiles are contained in Section 2.4. Section 2.5 contains the description of temns

used in the tabulation of test results. Section 2.6 contains _be data tabulation

of heating distributions obtained by the inverse solution technique. MDAC-E

prepared the test m_dels, adapters, etc, planned and supervised the tests. John

E. Grimaud and L. P. Murray of NASA-JSC were responsible for tunnel operation and

transmitting test results to MDAC-E. The cooperation and innovative ideas of all

NASA personnel associated with this project were excellent enabling large body of

definatlve test data to be assembled. The inform_/,ion contained in thls section is

presented in "English" units because hardware design and raw data used that system

of units.

The Arc Tunnel tests were performed in the NASA-JSC i0 MW facility shown in

Figure 2.0-1. This _ew of the facility shows the Channel Nozzle and the sting

for wedge tests. The Arc Tunnel Tests at NASA-JSC were performed in a channel

nozzle because a more uniform heating distribution is produced on the panel than

could be obtained with a wedge configuration. Figure 2.0-2 shows photos of the model

adapter, instrumentation, Joint model and calibration plate used during these tests.

Analysis of test "a from candidate Joint designs and tile thicknesses was

performed for tests as seen in Figure 2.0-3. Analyses of these data are presented

in Volume I. The data were received on magnetic tapes in the form of temperature

responses from thermocouples situated at locations shown on Figure 2.0-4. An

inverse solution technique which uses these measured temperature histories as

boundary conditions was used to determlne convective heat fluxes to the faces of

the RSI Joints. Tile arrangement in the test fixture and a schematic showing

position in the tunnel can also be se_n in the above figure.

_" Prior to testing, facility calibration runs were performed to determine the

heat flux uniformity on the wall of the channel nozzle. The channel nozzle was

constructed with a 12 x 12 inch opening on each side of the nozzle, one for the

, test model and the other for a ca]Ibratlon plate, The callbratlon plate was fit

with nine heat flux calorlmaters and six pressure ports. Heat flux measurements

3
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_ HCF VARIABLE GAP MODELS ANALYZED FROM TESTS

PERFORMED IN ThE CHANNEL NOZZLE AT NASA-JSC i0 MW ARC TUNNEL

TILE THICKNESS GAP WIDTH

TEST NO. RUN NO. JOINT TYPE (I_CH) (INCH)

$275IA 27507 BUTT 2.5 0.05

$2761A 27608 l 0.I0

_ $277IA 27707 _ O.15$278IA 278 0,30

$279IA 279 2.0 0.05

S280IA 28007 [ 0.10

S281IA 28108 _ 0.15$282IA 28208 O.30

$2831A 28307 i.25 0.05

$2841A 28408 [ 0.I0

3285IA 285 _ 0.15$286IA 28509 O.30

$287IA 28707 BUTT WITH FWD. 2.0 0.05

$2881A 28809 FACING STEP l 0.I0

•! $289IA 28910 l _ 0.15S290IA 290 _ 0.30

S312IA 31209 INCLINED 2.5 0•05

$3131A 31310 0.i0

• _ $3141A 31411 O.15

i_ $3151A 31507 0.30

_ *HCF is McDonnell Douglas designation of reusable surface insulation fabricated

,_:_r?_: from Mullite fibers. For a further description of HCF refer to Reference (a)

and<b).

_ Figure 2.0-3

-_i MCDONNELL D_UOLAS As'r_ONAUIYICB COMPANW ,mEA_Blr
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HODEL INSTRUNENTAT[ON LOCATION TN THE NASA JSC

10 I_ CItANNEL NOZZLE TESTS

x

• . [ im 1

INSTRUMENTED

FLOW _ m

J']I 1- "1
• INSTRUMENTED/ TILE C TILE D

CUBE (4)

C_/ANNELNOZZLE-_'_p_'_

,|

I
FLOW _ e"-T/C

[ I 1 --
'i

i

TILE T/C

A 2-7 TRANSVERSEGAP- UPSTREAMWALL

A 8-12 INSTRUMENTEDPLUG

B 14-19 IN-LINEGAP - DOWNSTREAMOF TRANS.GAP

C 21-26 IN-LINEGAP - UPSTREAMOF TRANS.GAP

D 28-33 TRANSVERSEtAP - DOWNSTREAMWALL

"" _,B,C,D 1,13,20,27 BONDLINE- INTERSECTIONOF TILES

Figure 2.0-4
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were made at several operating conditions and typical results are shown in Flgure

2.0-5. Heating was fairly uniform with higher heating along the center of the

plate than at the edges. As expected for a laminar flow, heating decreased with

distance along the plate. Pr_.dure measurements showed slightly deccaasing pres-

sure in the dlrect_on of flow. The calibration plate was used during each test to

record the heating and pressure environment in the channel nozzle. The flow in

the channel nozzle was supersonic (Mach 5), with a 0.25 inch thick boundary layer

and an air plasma eD_halpy of 3600 to 9800 Btu/LBm depending on operating conditions.

The high cross range shuttle orbiter A2P entry heating rate-tlme history was

simulated in the channel nozzle for each test run. Both air and arson test gases

were used to achieve the entry heating simulation. The portions of the entry

temperature profile below 1600°F during heat up and cool down were obtained using

argon, which has a lower ionization temperature than air. At a tile surface temper-

ature of 16CO°Fche test gas was switched to air to continue heating to 2300°F.

Continuous operatxon of the Are tunnel was thereby achieved for the entire mission

simulation. Another innovation used by NASA for this tesu program was programmed

Ar_ heater operation. Repeatability of test conditions was achieved using a

"Data Trak" controller which followed a derived Arc heater input-tlme curve.

The control curve was derived by:

o Establishing test points along the entry heating rate history.

, Obtaining Arc tunnel calibration parameters to achieve each test point, i
)erlving an Are heater current-time curve (Figure 2.0--6) from the test

point calibrations to achieve the entry heating and to check out the

tunnel operation using the "Data Trek" controller• i

Resulting temperature histories for the 2.0 inch butt JoLt model are shown

in Figure 2.0-7 Smooth surface temperature control was achieved and this figure
I

is typical for all test runs. Temperature responses for other Joints are contained

in Section 2.4. ]

- 8
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12" x12" CHANNELNOZZLEHEATINGRATEDISTRIBUTIrJN
(JSC10_ Facility)

NEARLEADINGEDGEOFPLATE
- I

,o i i i .,.4 :_I.

_._. :i :; : _ ._ ,"_.
,j , FLOW

ff

: i
5 I

,, I 2 3 /

• SENSOR SENSORLOCATIONS_/

ALONGTHECENTERLINE
- ; ,I,

• • • 0.10LB!_FC

oe : 1000AMPS
"_ 1 '

• : |
0 1 I

2 5 8

SENSOR Ftsure 2.0-5457- _t743
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MEASUREDTEMPERATUREOFHCF/JOINT.MODEL

IN JSC10MwARCTUNNEL
CHANNEL

"o'z'"-,,W-ll- ,-ih oo,,o,

BUTTJOINTCONFIGURATION V_//J HCFJi HCF_//.,,,_

2.0 INCHTILE __ ,

W= 0.10INCHGAPSETTING J-./
2500 2500

2000 _ _ J

I 2000TEMPERATURE

°l,.="1500 / ATTOP OFGAP(I) _ _' 1500 TIMERUN

"" I _: "(SEC)',

ARGON _ /ARGON_ PLASMA--__ _ 07

io0o'p.spi _,,\ _ lOOO
_ - - _ AIRPLAS. ---'\ = !/I ooj500 500

_T_PERATURE AT yBOTTOMOFGAP(J)
, z 0

0 0 500 1000 1500 0 1.0 2.0

TESTRUNTIME- SEC (Z) DISTANCEFROMBONDLINE- IN.
4s7-473o Ft8,zre 2.0-7

11/12
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2.1 MODELD_.SCEXPTION

A series of Joint models was £abrica_ed for performing comparative tests in

the channel nozzle at the NASA-JSC 10 MW Arc Heated Tunnel. The-models were

heavily instrumented and the features of the model design are listed in Figure

2.1-1.

Testing was performed using four gap settings (0.05, 0.i0, 0.15, and 0.30 !

inches) with tile thickness from 1.25 to 2.50 inches to obtain basic heating I

data. The configurations analyzed were the butt Joint, inclined Joint, and butt

joint with forward facing step (0.15 inch),

A description of each Joint segment follows:

a) butt Joint - has a near vertlcal ESI edge with a small taper progressing

from the bondline to the top surface (also referred to as "tapered butt").

b) inclined Joint - having RSI edge surfaces mating at an angle from the

vertical, and also having a small taper.

c) butt step - butt Joint with a forward facing step formed by a surface mid-

match at the transverse gap.

The components of the Joint segments are shown in Figure 2.1-2. Each of the

four tiles is bonded with Dow Coming RTV-3145 adhesive to a 0.050 Inch thick

titanium mounting plate. Six thermocouples are installed in instrumentation cubes

such that the thermocouple Junction is located on the surface of the gap. In later

assembled models, the technique for installln8 surface thermocouples was improved

eliminating the instrumentation cubes. A schematic of the instrumentation in a

tile set is shown in Figure 2.1-3. One tile contains an instrumented plug at its

center, and each tile contains a thermocouple at the bondline in the joint area.

Eight PT/PT-IO_ Rh thermocouples and twenty five chromel/alumel thermocouples were

installed in each set of tiles. The 30 gage thermocouple wires are routed to the

back of the tile through the adhesl-e layer to the sides of the mounting plate

where the wires were bundled and provided wit_l a qu£ck disconnect plug.

A Joint test container, Figure 2.1-4, was housed on an adapter that was

fabricated for the nozzle. Sets of four tiles were designed to be interchange-

,_. able within this test container which contains a gap setting mechanism (Figure

2.1-5). The container was designed so that the gaps could be reset between tunnel

runs without removlt.g the Joint test fixture from the Arc Tunnel facility. The

bottom view of the Joint assembly container is shown on Figure 2.1-6.

.... 13
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_ MODELSFORARCTUNNELTESTSOFJOINTS"AL_DGAPS

,_- (30.5x30.5CMTest Fixture)

%:t,

-
;

iIr

TILE THICKNESS
37 THEEMOCOt_LES 4 SURFACE

JOINT INCH 1.25 2.00 2.50 20 JOINT

CM 3.17 5.08 6.35 5 IN-DEPTH
4 BONDLINE

:BUTT _/ _ _/ AT INTERSECTI0!;

[BUTT STEP +0.15" 4 HCF GUARDo JSC 10 l_ ARC HEATED TUNNEL

INCLINED TAPERED _/ (CHANNEL NOZZLE)
o GAP SETTINGS EASILY ADJUSTED

*(ZNCH) o QUICK DISCONNECTS FOR INSTRUMENTATION
Figure 2.i-i|
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r., The adapter has quick disconnects for thermocouples and pressure transducers

(for measuring pressure gradients at the bottom of the joint). Air lines are pro-

_Ided to cool the model to room temperatures between tunnel runs which reduces

dead time between cycles,

Sets of HCF tile arrays were designed and fabricated for testing in the

NASA-JSC i0 _ Arc heated tunnel facilities. These tile assemblies were mounted

in the channel nozzle as shown in Figure 2.1-7. A water cooled adapter was

fabricated and attached to one side of the channel nozzle. The following drawings

were prepared or revised to define the various detail parts and assemblies:

a. 70TO37002 Mechanism Assembly (Rev A)

b. 70TO37003 Container Assembly (Rev B)

c. 70T037026 Plasma Channel Nozzle Cover Assembly

d. 70TO37030 Plasma Channel Nozzle, Panel Installation Assembly

The mechanism assembly used to support the HCF tiles was the same unit used

during earlier testing using a test wedge configuration. Modifications were re-

quired for the channel nozzle tests. Basically this unit consisted of a shallow

rectangular, stainless steel, box having a removable cover plate on the bottom,

with four tile attachment mechanisms positioned around the interior of dle box.

The design of the mechanisms allowed the tiles to be repoBitloned for precisely

adjusting the gaps between adjacent tiles without removing the test hardware from

the tunnel. The ablative insulation bonded on the sides of the test container

was removed for the channel nozzle test configuration. In addition, guard strips

of HCF on the top and around the periphery of the box were modified to use

mechanical atta_iment, rather than bonding, to facilitate replacement of guards.

The thickness and the height of the guards were increased £o allow testing

thicker HCF tiles and to mate with the cutout in the channel nozzle. Pressure

ports were added to the tile support platus in the gaps between adjacent tiles.

All of these modifications, including the initial design are defined in Figures

2.1-8 and 2.1-9.

The design of the adapter (cover assembly) which housed the tile position

mechanism assembly, in the opening on the side of channel nozzle is sho_z in

L Figure 2.1-10. Figure 2.1-Ii _s several vle_ of the adaptor and Figure 2.1-11'

is a view as would be seen by the flow in the channel nozzle. There are four

guards surrounding a tile set and, as with the previous test, configurations and

17
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n

SIDEVIEWOFJSCCHANNELNOZZLEWITHMDAC-ERSIJOINT
CONTAINERANDADAPTOR

I i
O e

FLOW
me --mm

i

b,.-mSCCHANNEL
RSI RSI NOZZLEFOR
TILE TILE IO_ t

APCTUNNEL

I

REMOTELY "_
CONTROLLED

VALgE

_"_-'COOLINGAIROUTLET
WATERCOOLED
ADAPTERBOX

THERMOCOUPLECONNECTORS(CANNONTYPE)
[RANSDUCERCONNECTOR

Figure 2.1-7

' -" 18

* --,_,, MCD(PItlNELL DOUGLAS ASTRONAUTICS COMPANY • EAST

O000000]-TSB09



_p FINALREPORT REPORTMDCSlO03HEATING
ANALYSIS VOLUMeII 29 JAHUARY 1974

" MECHANISMASSEMBLY

Ii|ll

• iL F'k_

• "( i J'- L -c ;"_..o._--T"_ _,_L





!,

i /







21
II

MCDONNELL DOUGLAS ASTRONAUTICS COMPANV. £ASF !

00000001 -TSC01



:=-_.

T"_kDCE1003
=kHUARY 1974 _,,_'[t_

. _ ...... .4 V] i
I" _ . " '._" I " 74.," ....

,i _ : -._.al_ . . _ _ ............... _--I I

'h- -H.,*: i '" I Fj-_--N;TI _..........-I........_z-:_.
i

"--_- ._..'._"--_.-"_:-=--_:: • i .==___

'" "• : -" [ P_'°'_ i

ii ] i i .
, _i : -"- "L, ,v-

" . L --.-ilil_ .... i " """""_"

% !! _, ..,,_-2,,).. i'_ .f ......

-:_ 1: '_" I - .G.,._,_ ! _ ...... ----"I.___T_. 'J"_'_"_'_"_-'_"-_--
_,/ : _ ._. . -+ .. ............ _! _. ,. . I -. -;d I -,

_ ' k_. i �;.... ',. --- _"!", _ _ L -_-_-_-::_.-_-_"- I .----
......... , ..........._._=.......1................ =---=-=----=-----:k--:--:--:--2=-............. _-___ :-.-............... __:,.--'--"--i "" " , # ---
_ , ,_ -' _-- -*.................._ I , , • i i.-i-.+,'-_-__-_.-- ._......i---_
.:. u. ,:_ ............... ,...................--T- ,. ,-- : -_,-_---t,=,,,.,._-.:= ]
...., __---, i ........." I ....... ! t 1 1-...... ,,.,,_" l - --_---_.

.':" I _,.<,,,,_-_",_, _1 ....... '_ I--; e4.---+ "--_"::_-'_" - t- -- _......

.-- r ...... i, ! !"! ! i' _............... ............ = ..... -....... -=_-==-- ----_=-.-::.:-:.... _-_'--_ ,1 9 L. i - i l.': ...... l ..... ,- i _.---.1
- : -I----T---'--....... k. l I' i _"''_ I-_'_ ---_-...........

".., _ '. _ ,-,.a_' _ II_ ."'*,_' [ i..:._. _-'.":'""'_ I. ".... • .......... , -----_
_, I _ -- ,S:;_-q.x, .-" _'., M .,,,,4. ; ; ; . ' ]_----I_*"_._-e_*.-.,. "/-,,' :" .' ./ : ,. " ._ ' i- _ " t--------"'"*"°'_4- "'- ....... -;"............. :, . f,.f , .It__J,,. . ;_. .. .....
.. ........ r i i I , , .,

I.-_

.- " / ili ' '_.b4_ Iil "'"_ H-i----_ _"_'._'.'_'P---I E.-4 _ I ;. .::.; "':'-..... ,......../ ;;II : _'_] I:1 I m I -T.t._---_l \, x.... II;I .,,._ L , ,, I _- ---'-;::_ .4----".... ;' ' - ' ' ""---_
I I ; ' _ '"1 I_ / _ _',X,_iLL,..', "_ ETt , [ ' "_"_'.i ' " _ • ":.-- ""- -,
_._ ,II ' ._ ! i I S_. _'--_'T'rT-"'a • "_" . i .... * ' _ _,,,.-*:__ ,,.4_<

..I "il i /", ,__ eL_L..o .......-__--,a.,_ "1_--4111--' ,, ...... --,,,*,--_',,-_,." .... <"_"_'1.. ;'_. ', '°" I ..... " ..... +"---'..'.-_

----...,._,_..-,,_.._t.,. I_ , 'i : - i [ , ' , ! I I I l/ r,I dil I _,-..:, _..:.,. . ,-,.... _. / _. . --,_r ,,_-- ....... ,,,._,. '__.

. _I_ ' I " _.. r 'I .]i , . _,k _I I _i_i',_ 't*. i. ",_I_-_U_'_I_.'I_Rc_ .',.'_,0_ t---"-_'i'i_ .......... *_,i, __

, ' , _ "!. _T --. :l'_ . ,_-z.__-_,,_,_.z<,_,_. L_LL_tL___-L---I_,: I_.__-L_._
-._. ! - .x- I t__..,_L-...... ' .... _._=,_J;-_=-_---_-'_-.-_ Z_._,,,_,W_,_,_,,_,,,**,,.,:,.',_ I----]----4..... _..... _ .... _'.;_,,

I - - -_-:=----_ .... _ __.G:9 - _;" <_ z* ,,iz ,:o_sr_ ,,_,._._s._ k--4-.--4-----4-----4,.,"-.--.-.-.-.-_,_iw_.,--l_--._,__
" : . '. < i!: .' r :-I" ..... ' " 4_ - ' ., Itl __e_,_ _,,_,_" _'s,_oo, I--+---f----+---t " -" .- 1"""_

. '" ,,',,-- _ -(:.,y,_"*.*_" .,rn_w/cnrzp_,'__'P_Zaz_ t-_..-_-l___'.."-' .L........ :._t=
y, - / ..... , .,. , . . t._ .*-; _ ..........

.i..... I ......... t ..............' -

00000001-TSC02



..... i .................................-[

•.- .,., : - , ...k . ;£-,,-.; ;; ._;:T:...;, . " ..;2.7k ,-_. ;;, ..... _ P;.--:.=U ..,.U.I _ ;=7,,_ig .T.; :..T_;_-_ ,_ yd_

00000001-TSC03



_P HEATING FINAL REPORT REPORT MDC E1003
ANALYSIS VOLUMe II 29 JAHUARY 1974

t

I

'-i ........ L__,,,F-F
, l; [

r ...........
- I

_*- 4.

2() !g . :,ZT,_,i1.

/ g_,-:,_._

:lb_L...__ ,¢_£ ..'r4' ..•./'_ '_'_'0 S..,, • •

/------ .g'...'C I , i

t
.J • i

,(.:.,..o. i, !

• , /'._r

I!

_" I . i

. 4._7 i

_i.........._._............._ _L---....._

t

, , 457-37S_ Figure 2,1-i0 (Contl_ued)

"" MCDONNELL DOUOLAS ASTRONAUTICS COMPANY • II_AIT !

E

00000001-TSC04



HEATING FINAL REPORT REPORTMDC E1003
ANALYSIS VOLUMEII 29 JAHUARY1974

_ ADAPTER FIXTURE FOR JSC IOMW CHANNEL NOZZLE 1
ACCESSPORT(3) IOCOUPLEAND :

FORSET1INGGAP ELECTRICALPASS-THROUGH t

i: " ]

PRESSURETRANSDUCER(7) i
(0.0TO1.0PSID) I

!

TESTCONTAINER !
t

COOLING(REDUCES t

DEADTIME !

BETWEENTEST) 1
; !

!

• J :i
WATER / .!

COOLING 4
PRESSURE i
RELIEF

--BACK COVER VALVE

........ Figure 2.1-11
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ADAPTER,HCFGUARDSANDTYPICALTILE SET

GAPSETTING "_{I
MECHANISM

6.

JOINTTEST I _,

CONTAINER _i HCFGUARDIN
PLACE
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! tile sets are interchangeable. In addition to supporting the tile test hardware,

i-_ this adapter was designed to:

o Prevent leakage of the plasma stream through the adapter into

the tunnel.

o Provide access for adjusting the gap widths between adjacent tiles.

o Provide electrical interface (quick disconnects) to facilitate instrumen- i

ration hook-up for the thermocouples e d pressure transducers. !
o Water cool the _pter to minimize heat transfer between the adapter and

the tile support mechanism assembly and to prevent heat buildup in the

test hardware.

o Provide for air cooling the back side of the tiles to reduce

down time between test runs.

As defined in Figure 2.1-10, 0.125 inch thick stainless steel was used to

fabricate the 13.24 inch square by 10.60 inch high adapter. A total of sixteen

attachment holes was drilled in the attachment flange mating the attachment

patterns of the channel nozzle as defined per AVCO drawing number 315E4017. To

assure a true attachment plane the outer surface of this flange was machined

after welding. A hinged door is attached to the opposite end of the assembly,

providing quick access for installation and removal of the tile mechanism assembly.

Four check valves were installed in the walls and the hinged door to eliminate any

appreciable pressure differentlal between the interior of the adapter and the

tunnel chamber.

The requirements for assembling the various HCF tile arrays to the mechanism

assembly (70T037002), installing these units inside the adapter assembly (70TO37026),

and attaching the adapter to the channel nozzle are shown in Figure 2.1-13. These

units are designed so that the assembly remains seml-permanently attached to the

channel nozzle when changing from one tile array to another. Only the container

assembly is removed from the ARC heated tunnel to install or remove a set of

tiles. This allows leavin_ intact the various interfaces, (including the thermo-

couple leads, pressure port leads, air cooling port and the water cooling lines)

between the adapter and th_ tunnel facilities, even while changing test hardware.

In addition to specifying the various hardware required for assembling these units,

Figure 2.1-13 also shows the arrangements for the various tile arrays tested.

26
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2.2 HODEL X-RAY

Tlle data sheets which show azx x-ray, location schematic, T/C number and

corresponding facility channel number, and actual measurements of the T/C positions

in the gaps or plug are shown in Figures 2.2-1 through 2.2-36. Some T/C measure-

ments were made from actual test tiles where this was possible, while the others

were taken from x-rays. When x-rays were used, the effects of parallax were

accounted for. Data sheets contained in this section coincide with the Gap

Hodels listed in Figure 2.0-3.

h
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T_LE DATA SHEET

Designation TILE A - 1.25" BUTT Location Schematic PLUG _ TRANSVERSE GAP

!

I

X-Ray Photo

, b

Facility Location From
T/C No, Channel No. HCF Bondllne Comments

(Znch) i
1 57 0.0 AT INTERSECTION OF TILES

2 58 1.25 [IPSTRRAM _Tn_ n_ GAP !

3 59 1.07 i

4 60 .77

5 61 .49 , i
6 62 .30 I

7 63 0.0 1 t
8 64 1. i0 PLU G I

9 65 • 79 ]
10 66 ,49 _

,_11 ,, 67 .21 ,, , li
12 68 O. 0 1i

4

30 Figure 2.2-1 i
I
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TILE A-1.25" BUTT

X-Ray Photos

PLUG
r

!

UPSTRIM_qSIDE OF TRANSI_K3E GAP T/C

31 Fisure 2.2-2

i-.'. MCDONNELL DOUGLAS ASTRONAUTICS COMPANV . £A_T

_......... 00000001 TSDO:



GAPHEATING FINAl.. REPORT REPORT MDC ElO03

ANALYSIS VOLUME II 29 JANUARY 1974

TILE DATA SHEET

DesIRnatlon TILE B - 1.25" BUTT Locatlon Schematic IN-LINE GAP

I
I

X-Ray Photo .1i
-I

!

q
!

Faclllty Location From
T/C No. Channel No. HCF Bondline Comments ,

(Inch) ".]
13 69 0.0 AT INTERSECTION OF TILES

14 70 i,25 DOWNSTREAM OF TRANSVERSE GAP

15 71 i.05

16 72 .78 i
17 81 .51

18 82 .23
19 83 0.0

3:-

,

L,

32 Figure 2.2-3
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TILE B - 1.25" BUTT

X-Ray Photos

'4 "_

J

!
/

/

\

IN-LINE GAP TIC
DOWNSTREAM OF TRANSVERSE GAP

Figure 2.2-4
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TILE DATA SHEET

Designation TILE C - 1.25" BUTT Location Schematic IN-LINE GAP

X-1_y Photo

Facillty Location From

T/C No. Channel No. HCF Bond!Ine Comments

(Inch) I
20 84 0.0 AT INTERSECTION OF TILES

21 85 1.25 UPSTREAM OF TRANSVERSE GAP

22 86 1.13 I
23 87 .82 1
24 88 .56

25 89 .36
,: 26 90 0.0

34 Figure 2.2-5
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TILE C - 1.25" BUTT

X-B_y Photos

.J

/

"!

IN-LINE GAP T/C UPSTREAM OF TRANSVERSE GAP

35 Figure 2.2-6
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TILE DATA SHEET

Designation TILE D - 1.25" BUTT Location Schematic _VERSE GAP

_ (

1

X-Ray Photo

|

Facllity Location From

T/C No. Channel No. HCF Bondllne Comments

(Inch)

27 91 0.0 AT INTERSECTION OF TILES

28 92 1.25 DOWNSTREAM SIDE OF GAP

29 93 1.05

30 94 .76

31 95 .49

32 96 .26

33 97 .00 r

|

Figure 2.2-7
36
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TILE D - 1.25" BUTT

X-11ay Photos

DOWNSTEEAM SIDE OF TPANSVERSE GAP T_C

37 Fisure 2.2-8
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TILE DATA SHEET

Designation TILE A - 2" BUTT Location Schematic PLUG & TRANSVERSE GAP

l
F

L
X-Ray Photo -

Faclllty Location From

T/C No. Channel No. HCF Bondline Comments

.(Inch)
i 57 0.0 AT INTERSECTION OF TILES

2 -58 2.00 UPSTREAM SIDE OF GAP"

3 59 I.76

4 60 1.31

5 61 .95

6 62 .48

7 63 o,o r
b

8 64 i.88 PLI!_

9 65 I.39 i
I0 66 .91

i '' ,-

il 67 .49

" 12 68 0.o ........ iii

Fkgure 2.2-9
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TILE DATA SHEET

Designation TILE B - 2" BUTT Location Schematic l_N-I._N_GAP

X-Ray Photo r,

Facility Location From
T/C No. Channel No. HCF Bondltne Comments

(_nch),
13 69 0.0 AT'INTERSECTION 'OF TILES
14 70 2.00 _o_sz_z_ozT_SVERSEGAP

'15 ' 71 128o
16 72 1.43
17 81 .96

,m i

Ig 82 .51
• i i

19 83 0_0 _P

,l i in ,i ..... i i •

i ,l |

i i

i i m i

40 Figure 2.2-11
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IN-LINE GAP T/C DOWNSTREAM
OF TRANSVEESE GAP

: Figure 2.2-1241
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TILE DATASHEET

l),,_[_'1_;ItL,m T,[LEC - 2"BUTT Location ._chemntic.IN-L_NE GAP

,, , ..m ,
i

L

X-Ray Photo

=

FacilIty Location From
T/C No. Channel No. HCF Bondllne Comments

(£nch),
• 20' 84 0.0 AT ZN_ZRSECTION OF TILES

, 21 , 85 . 2.00 .. UPSTRE_ OF TRANSVERSEGAP
22 86 i.76

i i,.

23 87 1.37
L ,, i i i

24 88 .97
,| ,, i i i i i ,

25 89 •49
ill i iw i i i ii •

26 90 0 1
i i ,i • i,i i ,,

• i i

i i ill i|

t : | i i i i i i i,, ,i i

1t2 Figure 2.2-1.3
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ANALYSIS

TILE C - 2" BUTT

X-I_ay PIZoLo_

/

/,

I;

/i:

\\

IN-.LINE G_iP T/C UPSTREAM OF TRiiNSVERSE GAP

Figure 2.2-14
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TILE DATA SHEET

De._i_nation TILE D - 2"BUTT Location Schematic TRANflVERSE GAP

X-Ray Photo

i.-' %.
| _.

!'

Facility Location From

i.! T/C No. Channel No. HCF Bondline Comments

(Zn h)
27 91 0.0 AT INTERSECTION OF TILES

28 92 2.00 DONNSTREAH SIDE OF GAP

29 93 1.71
30 94 1.38
31 95 1.03

32 96 .61
33 97 0.0

L

44 Figure 2.2-15
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'L'LI+E I) - 2" BLITT

DOWNSTRE_%"t SIDE OF TRANSVERSE GAP T/C

Ftguru 2.2-1t_
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TTI,E DATA SHEET

l)v_i!_natlon TILE A - 2.5" BU'FI' Locath)n qchematlc ,PLUG & TRANSVERSE GAP

(

X-Ray Photo _ _t

• i

t

, !_ _

\ I

\
• ", /, e

Fa(-ilitv l,ocatlon From

T/C No. Chanm, l No. HCF Bondline Comments

.......... (_l'n('h)
i 57 0.0 AT INTERSECTION OF TILES

2 58 2.50 UPSTREAM SIDE OF GAP

3 59 2.34

4 b0 t .bl

_ bl 1.15

b2 0.51

7 03 0.0
. ,

8 b4 2.28 PLUG

--, c) , (:?,5 ,, 1.79 _
.... tO h() l. 44

1t 07 0.94

12 ()8 _ 0.0

F.igurt, _._-') ') 17
4(_
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Figure 2.2-18
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TILE DATA SI!EET

_,,;i:,j_ati_m TILE B - 2.5" BUTT Location Schematic IN-LINE GAP

1 *i(X-Ray Photo ,!

F:t, i] itv Location From

T/(; No. Channel No. tlCF Bondline Comments

(Inch)

13 69 0.0 AT INTERSECTION OF TILES

14 70 2.50 DOWNSTREAM OF TRANSVERSE _AP

15 _ _71.... 2.37 ............ j _
Lb , , ,72 1.6 7 ......

L;_ 8t 1. io ,,
18 ,82 .54

19 83 O.0

_,_ ......

,,- , , .

Figure 2.2-19
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TILE B- 2.5"BUTT

X-Ray Photo

IN-LINE GAP T/C

DOWNSTREAM OF TRANSVERSE GAP i

i
.1

i

Figure 2.2-20
4e_ ,
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TII,E DATA ,qlIEET

L

Facility Location From
T/t: No. Channel No. IICF Bondl tnt, Comments

(Inrh)
20 I 84 0"0 AT INTERSECTION OF TILES

21 --85 2"50 I_IPSTREAHOF TRANSVERSE GAP
22 8b 2" 32

• 23 , 87 1.h5 .......

, 24 _ t _n7
25 89. .54

2o 90 0.0, . ii , i .......

i ..... i ......

__ i• i± _ , ....... ,.

Figure 2. ',!-21
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TILE DATA SHEET

Fac i I i tv Location From
'r/t: No. Channel No. HCF Bondline Comments

.(Tneh_ , ..
27 91 0.0 AT INTERSECTION OF TILES

28 92 2.500 DOWNST_I SIDE OF GAP

29 93 2. 340

3(} 94 1.090
,, , , ,,

31 95 l.105

32 • 9b 0;543

.... .3.1, 97 0.0

\

,. .,.

Flgure _._'_-21
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TILE D - 2.5" BUTT

X-Ray Photos

Figure 2.2-24
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TILE DATA SHEET

Facil Ity Location From
T/C No. Channel No. HCF Bondllne Comments

.... (Inch)
i 57 0.0 AT INTERSECTION OF TILES

2 ,. 58 2.73 UPSTREAM _IDE OF CAP
3 59 2.56

I

4 60 I.86

5 61 1.23

6 62 .62
m

7 .... 63 . ,,0.0 It

8 64 2.29 PLUG

(_.5 .... I. 84 ,,
'_ 10 66 1.39

11 _7 ,., .S6 ..
12 {_8 0.0

Figure 2. ,.-,. 5
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lll,i.A - 2.5" £N_I_LNEIJ

\

I/
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I"ILE 1_ - 2.5" LNCLINEI)
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ANALYSIS

TILE DATA SHEET

Facll Ity Location From

T/C No. Channel No. HCF Bondline Comments
(Inch)

20 84 0.0 AT INTERSECTION OF TILES i
#

21 85 2.69 UPSTREAM OF TRANSVERSE GAP

22 86 2.44
23 87 i.82

24 8_ 1.23

25 89 .60 s

L, 26 90 0.0

Figure 2.2-29
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TILE DATA SHEET

D_,_ignatlon TILE D - 2.5" INCLINED Location Schematic TRANSVERSE GAY

Hoo I//
-%,

,|

Facility Location From

T/C No. Channel No. HCF Bondline Comments

.,, (Inch)

27 91 0.0 AT INTERSECTION OF TILES

28 92 2.70 DOWNSTREAM SI_ OF GAP

29 93 2.49 .I ]
30 94 1.81

3.1 _ 1.22
32 96 .63

33 97 0.0

i

L

60 Figure 2.2-31
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TILE D - 2.5" INCLINED

X-Ray Photos

DOWNSTREAM SIDE OF TRANSVERSE GAP T/C

61 Figure 2.2-32
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TILE DATA SHEET

De_i_nation TILE A - 2.00" BUTT Location Schematic PLUG _ TRANSVERSE GAP

USED WiTH b_WD. FACING STEP
J

JFII
X-Ray Photo

|

Facility Location From

T/C No. Channel No. HCF Bondline Comments

(Inch)

2 58 2.0 UPSTREAM SIDE OF GAP

3 59 1.82

4 60 1.29

5 61 0.85

6 62 0.21

7 63 0.00

8 64 1.76 PLUG

9 65 I. 32

i0 66 O. B8

12 68 O.O0

62 Figure 2.2-33
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TILE DATA SHEET

l_':_[anat ion TILE D - 2.15" BUTT Location qchematic TRA_NSVERSE GAP
WITL[ FWD. FACING STEP

i . i

l[l I
!

X-Ray Photo I

}

Facility Location From

T/C No. Channel No. IICF Bondline Comments

....

28 (_2 2.00 DOWNSTREAM SIDE OF GAP

29 93 1.91

30 9ZI ]..37

__ "_1 95 ,84 ,.

32 9 O .19,

33 97 0.0 r

, . . , . .,

Figur(, 2.2-V_
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2.3 PHOTOGRAPHS OF MODELS

Typical photographs of RSI gap models are contained in thls secclon. As can

be seen some of the tiles (four tiles constitute a set) have a low emlttance

(white in appearance) while others have a high emlttance coating (black in appear-

ance). Thermocouples positioned on the faces of the tiles are evident in these

photographs. Some photographs show the before test condition of the tiles while

others are post test and show the flow patterns in the gaps. It is apparent

that three-dimensional flow resulted from the intersection of the in-llne and

transverse gaps. The depth of plasma flow penetration aft the tile intersection

is very much evident.
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1.25 INCH TILE THICKNESS

PLASMAWEOGESPECIMENS- TAPERED BUTT JOINT

PretestCondition Figure2.3-1
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1.25INCHTILETHICKNESS

PLASMAWEDGE SPECIMENS- TAPERED BUTT JOINT
PostTest Condition

l,'igurc _.' 5- 3
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i

2.00INCHTILETHICKNESS

PLASMAWEDGESPECIMENS- TAPERED BUTT JOINT
Pretest Condition Figure 2.3-4

2.00INCHTILF THICKNESS
TAPEREDBUTTJOINTWtTlt0.t5 INC,H t O.R_ARDFACINC;SI+EP

PLASMAWEDGESPECIMENS
PretestConddlon

i:i_uru '2.3-5
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TILE A, C THICKNESS:2.00INCHES
TILE B, 0 THICKNESS:2.15INCHES

PLASMAWEDGESPECIMENS- TAPEREDBUTTJOINTWITHFORWARDFACINGSTEP
PostTestCondition

Figure 2.3-6
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_-. TILE A, C THICKNESS'2.00 INCHES
"3
i=_ llLE B, D THICKNESS2.15INCHES

PLASMAWEDGESPECIMENS-TAPEREDBUTTJOINTWITHFORWARDFACINGSTEP
PostTestCondition
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2.4 TEHPERATURE RESPONSES
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2.4 THERMOCOUPLE TEMPERATURE RESPONSE

Typlcal temperature response curves for the thermocouples up to 33 which were

installed in each are contained in Figures 2.4-1 through 2.4-88. The majority

of thermoco_ple data is presented in these figures. Computer listings of all

thermocouple responses were prepared by MDAC-E during the course of analyzing

data. The tabs are bulky and are not included for that reason.
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MEASURED TEMPERATURES
IN TRANSVERSE GAP, T ILE A

2,50 INCH BUTT JOINT, 0,05 INCH GAP

JSC 10 _ CHANNELNOZZLE

3000 T........

2500 •

E i

+ ]
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F / I
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MEASURED TErIPERATURES

- THROUGH CENTER OF TILE A

2 ,50 INCH BUTT JO iNT , O, 05 INCH GAP

JSC i0 MW CHANNEL NOZZLE

,;, 3000 ,

--Z"

7. .,, tJ

I_SO0' _ 7

2000

0
E
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MEASURED TEMPERATURES
IN IN-LINE GAP., TILE B

2,50 INCH BUTT JOINT, 0.05 INCH GAP

JSC 10 1_1 _EI, NOZZLE

3000 .....

i , 1

I,

2500
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MEASURED TEMPERATURES
IN IN-LINE GAP, TILE C

2,50 INCH BUTT JOINT, 0,05 'NCH GAP

J$C 10 _ _EL HOZZLE

3000 ........... ! .................. " "" _ "
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..... ,} ..... ...__. ........... ,(,........................ w

2500 ..... ---" ...... " ............... _..................................

F -;..""......."

G w ....... I

,ooo/ /

c

a : "_ l I .... ,
60 .".bC, '_;._.t. l'_,l"

TI_F- BEC.
" I f 6IrND

I I_L_IIFITIC N(_. 21 fMll(_!_l AFF('_:A_,_rlCTa'.," 'rA._ e_rl.;_'_Pat"IPL
2 PI_I TIT NO. _2 I_.h*J!.*I_ rp_'_,_ft, Fl C'Ff_'rr- Hr',"I'''

3 t_OP,_l 11_ N_, ;).'1 _'YFFPIe'rfJ?fll HrA? 1Ft,,';,FrP ,r_'_t,_t:

q dqP_FL TiC NO 2_

Ftt_pFt, N'_.
_f_f H,_; f_AIFPI_ P_',*L _a_ FVnt_,_'_?_ _I" ?72 "" ,_r_.,' I _';:!rr'

._ .... Figure 2.4-4
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MEASURED TEMPERATURES
IN TRANSVERSE GAP, TILE D

2,50 INCH BUTT JOINT, 0,05 INCH GAP
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BONDLINE MEASURED TEMPERATURES
AT INTERSECTION• OF TILES
(CENTER OF TEST PANEL)

2,50 INCH BUTT JOINT, 0,05 INCH GAP

Figure 2.4-6
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MEASURED TEMPERATURES
IN TRANSVERSE GAP, TILE A

2,50 INCH BUTT JOINT, 0,10 INCH GAP

82 Fisure 2.6-7
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MEASURED TEMPERATURES
IN IN-LINE GAP, TILE B

2 ,50 INCH BUTT JO INT, 0 ,10 INCH GAP

JSC 10 MW CHAN_EL NOZZLE
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MEASURED TEMPERATURES
IN IN-LINE GAP, TILE C

2,50 INCH BUTT JOINT, 0,10 INCH GAP

JSC 10 _ CHANNELNOZZLE
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MEASURE[} TEMPERATURES
IN I'RANSVERSE GAP, TILE D

2,50 INCH BUTT JOINT, 0,10 INCH GAP

JSC lO MW CHANNEL NOZZLE
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;.... BONDLINE MEASURED TEMPERATURES
_'-- AT INTERSECTION OF TILES
•**" (CENTER OF TEST PAHEL)
', 2,50 INCH BUTT JOINT, 0,10 INCH GAP

JSC i0 MW CKANNEL NOZZLE
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MEASURED TEMPERATURES ,i
IN TRANSVERSE GAP, TILE A

2,50 INCH BUTT JOINT, 0,15 INCH GAP

JSC i0 MW C",_%NNELNOZZLK
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• MEASURED TEMPERATURES
IN IN-LINE GAP, TILE B

2,50 INCH BUTT JOINT, 0,15 INCH GAP
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MEASURED TEMPERATURES
IN IN-LINE GAP, TILE C

2,50 INCH BUTT JOINT, 0,15 INCH GAP

Ftsure 2.4-14
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MEASURED TEMPERATURES
IN TRANSVERS..E GAP , TILE D

2 ,50 INCH BUTT JO INT, 0 ,15 INCH GAP
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BONDLINE MEASURED TEMPERATURES
AT INTERSECTION OF TILES
rCENTER OF TEST PANEL)

2_50 INCH BUTT JOINT, 0,15 INCH GAP
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MEASURED i EMPERATURES
IN TRANSVERSE GAP , T ILE A

2,00 INCH BUTT JOINT, 0,10 INCH GAP
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MEASURED TEMPERATURES
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2.5 Explaination of Terminology Used in Data Listing - Gap heating rates

computed for the Butt Joint end Incline _oint models tested in the NASA-JSC i0 MW

channel nozzle are combined with node location and flow field parameters in Section

2.6.

Convective heating in the gaps between tiles was calculated by the inverse

solution technique. A universal thermal model (Figure 2.5-1) was constructed to

accurately describe heat transfer modes in the RSI tiles and in the gap. The

temperatures measured by the thermocouples installed in the RSI tiles were used

to specify boundary conditions for computing the convective heating. The convective

heating in the gap between tiles was calculated using the MDC General Heat Trans-

fer Computer Program. The measured temperatures recorded on magnetic tape durlng

the test was input directly into the computer. Analyses of the heating data and _
i

parameters descriptive of the flow in the channel nozzle are contained in Volume

I. Flow in the channel nozzle was in a chemically non-equlllbrium state end basic

flow parameters were supplied by NASA-JSC.

The coordinate system used for the JSC tests is described in Figure 2.5-2.

The terminology used in the data listing is as follows:

IDENTIFICATION = X YYY.ZZ

_- Node number (See Figure 2.5-1)

JSC run numbsr

Master test number, a #2 was assigned to the
( JSC channel nozzle .tests

GAP CONF = Gap configuration, 1 = Butt, 4 = Inclined

INST LOC = Instrumentation location, 1 - upstre:z_iside of gap, 2 = downstream

side of gap, 3 = in-line

X,Y,Z = Right hand coordinate system designating T/C location

= Distance from leading edge of tile

y = Flow orientation

W = Gap width

h " Step height

L = Flow length

t = Tile thickness

TILE PATT = 1 _ in-line tiles

': Hach number

Re/Meter = Unit Reynolds number

6" ffi Boundary layer displacement thickness, basud on starred conditio_l
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2,6 .rabulatloaof HeatinE Distribution from Inverse Solutions (NASA JSC 10 MW TESTS)
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3.0 NASA-LaRC CFHT TESTS OF AN HCF TILE ARRAY

An HCF tile array was tested in Laagley's Continuous Flow Hypersonic Tunnel

(CFHT) at a freestream Mach number of i0.3 and a freestream unit Reynolds number

of 3.28 x 106/meter. The purpose of the test program was to study the heating on

the face of a tile submerged in a thick turbulent boundary layer as a function of

gap width, tile mismatch and flow orientation. These tests were performed on the

side wall of the tunnel (Figure 3.0-1) which has a boundary layer thickness of 5.08

to 10.16 centimeters. The tile array was rotated through +45 ° to study the flow

orientation effect on gap heating. Figure 3.0-2 is a view of the CFHT. Heating

measurements were made by inserting the panel into the test position and record-

ing thermocouple responses,

A MDC engineer supervised the tests on site at LaRC. Mr. D. A. Throckmorton

was the NASA engineer responsible for conducting the tests. Mr. D. A. Throckmorton

and his staff were very cooperative which is very much appreolated. Test

description and graphical presentation of the test data as prepared by LaRC is

contained in Reference i.

RSI-TPSWINDTUNNELCONFIGURATION(CFHTAT LaRC)

RSITEST

ROTATIONALPLATE

TUNNEL

o ADJUSTABLEGAP

o SHIMSFORSTUDYINGMISMATCH

o 0 TO tgo° ORIENTATION

'T, AIR FLOW
i_ Figure 3.0-1
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CONTINUOUS FLOW HYPERSONICTUNNEL (CFHT)

NASA - LaRC

(MACH10)

FLOWISFROMLEFT TORIGHT

Figure, 3.0-2
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TEST CONDITIONS AND VAI_,_d3LES MATRIX

Tests were conducted in _he tunnel wall boundary layer of the Langley

Continuous Flow Hypersonic Tunnel with freestream flow conditions of Mach number,

M = 10.3, and unit Reynolds number, _ = 3.28 x 106/meter. At these conditions,

the tunnel wall boundary layer is fully turbulent with a displacement thickness,

_*, ¢f approximately 12.06 centimeters. Varied test parameters were: tile

orientation (staggered/in-line), gap width, flow angularity, and tile mismatch.

An outline of the full test matrix is presented below:

GAP TILE ARRAY TILE FLOW

WIDTH (cm) ORIENTATION MISMATCH (cm) ANGULARITY (degs.)

0.127 Staggered 0, +.254 0, 7.5, 15, 30, 45

In-line 0, +.254 0, 7.5, 15, 30

0.229 Staggered O, -.168 0, 7.5, 15, 30, 45
m.

In-llne 0, -.168 0, 7.5, 15, 30
• ., . ..

0.457 Staggered O, +.254 0, 7.5, 15, 30, 45
,, ,.

In-llne O, +.254 0, 7.5, 15, 30

0.711 Staggered O, +.254 O, 7.5, 15, 30, 45
,. ,._

In-llne O, +.254 O, 7.5, 15, 30

A complete Run Schedule is presented as Figure 3.0-3

179
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FIGURE3.0-3 CFHTTEST92. RUNSCHEDULE

TILE ALPHA T-CPUN_ .I_C, ORIE_TATION(DEOLOCATIONRE_RKS
1 0.127 0 Staggered 0 Top No Data !

2 o I3 : -7_5"
4 -15 I
5 -30
6 -45 Top
7 -7.5 Bottom

8 -159 I -30
10 Staggered -45 Bottom
11 In-Ltne 0 Forward
12 t f -7-_ t
13 0.]27 0 In-_tne -15 Forward

14 Q.229 0 Staggered 0 Top
15 _ -7.5 i
16 , -15 _"

17 -30 1
18 -45 Top
19 •-7. S Bottom
20 -15 1
21 -30 t
22 j Staggered -45 Bottom
23 In-Lt ne 0 Forward

24 -7.5 _
25 -15
26 -30 Fo ard
27 0 Aft
28 -7.5
29 1' ' -15
30 0.229 0 In-Ltne -30 Aft

31 0.457 0 Staggered 0 Top
32 -7.5

-3o 'F
-45 Top-7. S BottOm

-30
Staggered -45 Bottom

40 In,Ltne 0 Forward
41 ! ! -7.5 !
42 I -15 f
43 -30 Forward
44 I 0 Aft

45 -7.S i46 I I _r -15
47[ 0.,|57 0 In-Ltne -3o Aft1

18o
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FIGURE3.0-3 (CONTINUED)

GAP MISHATCH TILE i T-C
RUNI(cm) (cm) ORIENTATIONALPHALOCATION REMARKS(DEG).+ • •

48 0.457 0.2F4 Staggered 0 Top
49 i i -7.5
50 ' -15
51 -30 '
52 -45 Top
53 0 Bottom
54 -7.5
55 : - 15
56 r -30 r
57 Staggered -45 Bottom
58 _ In-Ltne 0 Forward
59 -7.5 |
60 -15 L61 -30 Fo ard
62 0 Aft
53 -7.5 !
54 I, -15 Jf
65 u.457 I 0.254 In-Ltne -30 Aft

I
66 O.127 O.254 Staggered 0 Top
67 -7.5 i
58 • -15
69 -30 ,
70 -45 Top
71 0 Bottom
72 -7.5 •
73 -15
74 ! I' -30
75 Staggered -45 Bottom
76 In-Lt ne 0 Forward
77 i -7.5

78 -1579 -30 Fo ard
80 0 Aft

81 -7.582 ' r -15
83 0.127 0.254 In-Line -30 Aft
84 0.127 0 In-Line -15 Forward
85 + -30 Fm_ard
86 0 Aft

87 -7.5 188 " ' -15
89 0.127 0 In-Line -30 Aft
90 0.229 0.254 Staggered 0 Top
91 -7.5
92 -15
93 F ,r -30 r
94 0.229 0.254 Staggered -45 Top
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FIGURE3.0-3 (CONTINUED)

GAP MISMATCH TILE ALPHA T-C
RUN (cm) (cm) ORIENTATION (DEG)' LOCATION REMARKS

95 0.229 0.254 Staggered 0 Bottom
96 -7.5
97 -15
98 -30 "
99 Staggered -45 Bottom

100 In-Ltne 0 Forward

101 -7.5102 I -15
103 I -30 Forward
104 I 0 Aft
105 ) -7.5 l
106 T 'r -15 i
107 0.229! 0.254 In-Ltne -30 Aft

108 0.229 -0.168 Staggered 0 Top

109 i : -15
I11o +

111 t -45 Top112 i 0 Bottom
113

I -15 i
114 _ , -30 T
115 Staggered -45 Bottom

i •In-Lt ne 0 Forward116 I
117
118+ -x5 +' -_ Forward
119 0.229 -0.168 In-Line. 0 Aft

120 0.711 0 St_aggere,! 0 Top
121 I -7.5

122 I -15123 -30 jr
124 I -45 Top
125 , 0 Bottom
126 ! -7.5
127 i -15128 -3o I'
129 Stag,:ered -45 Bottom
130 In- .the 0 Forward

131 I r -7.5132 -15 !
133 : -30 Forward
134 i 0 Aft
135 ) ' -7.5 /

o.r7 'r -xs +
137 11 0 I_-Ltne -30 Aft

b

138 U.711 0.254 Stsggered 0 Top
139 ) + t -7.5 +
140 0.71-1 0.254 S'aggered -I_T T6p No Data'
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FIGURE3.0-3 (CONTINUED)

RUN)!GAP MISXATCH TILE _LPHA T-C,-.(cm) {c_h) ORIENTATION(DES) LOCATION REHARKSi i :J J

141 0.711 0.254 Staggered -15 Top
142 -30
143 ; -45 Top
144 ] 0 8otto.l
145 i -7. S
146 _ -15

• 147 ] -30
148 i Staggered -45 Bottom
_149 : In-£t ne 0 Forward
150 -7.5

•: 151 -15
152 -30 " NoData'

' 153 -30 Forward
154 , 0 Aft
155 ] -7.5 /
156 " ' ! -15 _ '
157 0.711 0.254 In-Ltne -30 Aft.

1831184
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3.1 MODEL..DESCRIPTION

The tile-array model utilized In these tests is illustrated schematically in

Figure 3.1-1. The model consisted of a slngle 15.24 by 15.24 centimeter thin skin

tile surrounded by six HCF tiles as shown. This array was set in an adapter

(Figure 3.1-2) to tFLe facillty model injection mechanism in order to provide test-

ing flush to the tunnel side wall. #.photograph of the model Installed on the in-

Jection mechansim is shown in Figure 3.1-3. Photographs of the model positioned

flush with the tunnel side wall, both in-line and staggered orientations, are shown

in Figures 3.1-4 and 3.1-5 respectively.

The tile array was constructed such that g_p width between tiles was varlable

(0.127, 0.229, 0.457, 0.711 centimeter). Metal shims (Figure 3.1-2) were used to

align all tiles flush With the tunnel wall, as well as to provide mismatch of the

instrumented thin skin tile relative to the surrounding tiles. For all test runs,

the gaps between the adapter walls and the HCF tlle side walls were elimlnated by

filling with a high temperature rubber sealant.

The HCF tiles.were made from M0D Ilia HCF materlal bonded to 0.127 centimeter

thick stainless steel plates with DC-3145 adhesive. All external surfaces of the

tiles were coated with the MO-7 one step inorganic coating.

The thin skin tile was fabricated of stainless steel with a uniform thickness

of 0.0254 centimeter at LaRC. The tile was instrumented with 81, 30-gage chromel-

alumel thermocouples nominally located as indicated in Figure 3.1-6 Orientation

of the instrumented po_tlon of the thin skin tile relative to the surrounding HCF

tiles is illustrated In Figure 3.1-7 The entire tile array could be rotated a

full 360 ° to allow measurement of the heat transfer to all tlle surfaces for the

fuli range of possible flow angularlties.

185 .
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, ROTATIOHPLATE

ALL DIHENSIONSIH CEITI'IHETERS

INSTRUMENTEDTHIN SKIN TILE (]5.24 X 15.24 X 6.477)
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COMPONENTSFORRSI-TPSTESTIN MACH10CONTINUOUS
FLOWHYPERSONICTUNNEL

'PEELABLEI ;: , 48.9cm DIAADAPTER
,' SHIMS I ' "

/

6.35 cm HCF TILES :_- "

457 -3776

Figure 3.1-2
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R_ PANEL,ADAPTERRING, DOOR AND INJECTIONMECHANISM

DURINGGAP HEATINGTE_" AT LANGLEYCFHT

Figure 3.1-3
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l
i

RSI PANEL...(INLINEDGAPORIENTATION,0.23cm GAP)
INSTALLEDIN THE_LL-OF THELANGLEYCF_

line f * _ Irlch thln ',_:in(n._Ir,., .

_tainle_ str_l) ._r_i_,tx HCF t_!..

\

i
?
I

' _ Figure 3.1-4

RSI PANEL.(STAGGEREDGAPORIENTATION,0.23 cm GAP)
INSTALLEDINTHEWALLOF THELANGLEYCFHT

Inch
Ltles

189 Figure 3.1-5
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TILE SURFACECENTER

ALL DII_NSZONSIN CENTIHETERS

NOHINALTHERI4OCOUPLELOCATIONSFOR15.24X15.24 cm
THXNSKZNTILE USEDIN CFHT

FJ.sure 3.1-6
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": STAGGEREDTILE ORIENTATION

J
i i

i iimii

.. \ J __ J
.,. Thermcouple l ocatton The_coupl e 1ocatton

"_tt_" "Top" '
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3.2 CALIBRATIONDATA
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3.2 Calibration Data - LaRC performed calibration runs to measure heat trans-

fer data on a model mounted on the tunnel sidewall. The heat transfer was measured

on a smooth flat plate under the same non,hal flow conditions as the tile array. A

photograph of the flat plate model is shown on Figure 3.2-1. Figure 3.2_2 is the

measured heat transfer distribution in the vertical direction on the £lat plate

mounted in the tunnel sidewall. The distribution shown is based upon three data

runs at M_- 10.33 an_P_®/m - 3.28 x 106. A significant variation in the heating

across the flat plate is observed. This tunnel characteristic has been a_trlbuted

to the square nozzle and test section which results in a slight flow convergence

toward the center of the tunnel sidewall. Data taken on a corrugated panel on the

tunnel sidewall exhibited a similar spanwlseheatln8 gradient to that observed on

the fla_ plate. Normalizing the corrugated panel heat transfer coefficients by the

flat plate coefficients resulted in successful collapslng of the data in "he span-

wise direction. Because of previous experience in correlating the corrugated panel

data, the gap heating data, taken at the same test condition, was normalized by the

measured flat plate heat transfer coefficients. Measured heating in the streamWlse

direction showed a sllght decrease with distance as would be expected for a thick

turbulent boundary layer.

FLAT HEAT TRANSFER PLATE AND PITOT PRESSURE RAKE ON WALL OF CFl.rr



_P HEATING RePORTMDCE1oo3
FINALREPORT

ANALYSIS VOLnl |t 29 JANUARY 1974

HEAT TRANSFER DISTR]BUT]ON [HFp-Fz(Y)]ON
FLAT PLATE r4OUIITED ON CFHT S[DE.WALL

H- 10.33 Re/m • 3.28 X 106 TESTNO.93 1
Taw/TT- 0.895 X - 0.0 I

PLATE _f

SIDLq,JALL
_,_ DZEl:USER
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3.3 TERHINOLOGYIN
DATALISTING
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3.3 Explanatloz_ of ierminology Used in Data Listing - Results from the CFHT

tests presented in Section 3.4 ate organized by ru_ number and contain informatlcn

about test conditions, model configuration and thermocouple location, heat transfer

parameters and boundary layer parameters. The data llstlns was prepared by analy-

_i zing and combining information recorded during calibration and test runs with

boundary layer information. As described in earlier sections, tile heating in-

formation was obtained by repositionlng the instrumented tile within the field of

tiles. Two basic tile orientations (or configurations) were used; in-line and

ii staggered. The entire panel was rotated from these conflguratlons to obta£n inter-

mediate flow orientations to genera_.e data got flow angles (GAMMA) ran_In 8 from 0

to 90 degrees. It should be noted that the coordinates "XSURF" and "XB" are based

on either the in-line or staggered tile configuration whereas "XC" and '_C" are

for a "fixed tile" and the flow rotates. The fixed tile coordinate system is _

described in Figure 3.3-1.

The termlnolo_j u_ed in the data listing is as follows: i]
MACH = Math Number

RE/METER = Unit Reynolds Number

HO w Reference heat transfer coefficients, constant for a test run

TW w Wall temperature

TT = Freestreamtotal temperature

PT = Freestream total pressure

T1 = Freestream static temperature

P1 " Freestream static pressure

(RHO V)I = Freestream denslty - velocity product

GAP = GAP WIDTH (W)

STEP - Step height (_, p_otrudin8 tile)

(=0, flush tile)

(<0, recessed tile)

CONF = Tile pattern; STAG -_staggered tiles (Figure3.1-5)

IN-LINE _in-line tiles (Figure 3.1-4)

TAW = Adiabatic wall temperature

CH = Channel number

XSURF = Surface distance on the instrumented tile and is recorded

based on in-line or staggered configuration,
xsu

/11//Iii I I Ill/
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CFHT "TILE FIXED" COORDINATE SYSTEM

i

t_

YC

|

VIEWA - A

FIGURE3.3-i
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= Distance from lea_g edge of tile, (XB)

XC " x-coordinate of instrumentation point, origin at center of

tile, (Xc)

YC - - y-coordinate of instrumentation point, origin at center of

.- tile, (Yc)

Z = Die_.ance from top of tile (XC, YX, Z form ri@ht hand coordinate

system) i

Y-NOr - Vertical distance from tunnel centerline to instrumentation

.: locations, used for interpolating calibration plate heating

curve

- _ HT = Convective heat transfer coefficient based on a Taw/T t = 0.895 i

HT/HO = Heat transfer coefficient ratio !

HT/HF = Convective heat transfer ratioed to calibration plate heating

"" NSTT = Stanton number based on freestream conditions and HT

DELS = Displacement thickness base_ on starred condition

M-THK - Momentum thickness
m.

'_ SUB-L = Laminar sublayer thickness

" HT/HE = Convective heat transfer coefficient in gap ratioed to

coefficient measured on top of tile

Information for thermocouples with abnormal data is omitted from data listing.

' Also contained in Section 3.4 is the computation of average, maximum and minimum

heating ratios on the top of the tile. Data are arranged by gap, step and flow

orientation. Terminology used for pages 3.4-315 to 3.4-315 is as follows: i

GAP - Gap width

STEP = Step height

G = Flow orientation

H/HREF(AVE)= Average heat transfer coefficien, _ ratio for top of tile, (HREF=

calibration plate convective heat transfer coefficient)

1COUNT = Number of data points with zero or abnormal heat transfer

' coefficient

AREA - Area computed tm form average heating ratio. Top of tile has
° 2

a 232.26 cm area.

_ H/HREF(MAX)= Maximum heat transfer coefficient ratio on top of tile

'_ XC AND YC = Location of maximum heat transfer coefficient ratio on top

of tile

197
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H/_(_N)- H_um heat t_anSfer coe_ftcLent ratio on top of tile

XHC AND YHC- Location of _Lnt_um heat trausfer coefficient ratio on top of

tile

nn_es 3.4-318 to 3.4-324 contain the listin8 of the ave_aSe, max_num and minLmu_ heat

transfer coe£gicieuts £o_ the top row o£ thermocouples in the gap. Data are organized

according to a number assigned CO the side o£ the _nstrumented tile.

V

!

I

FLO_| il ' iL I

T
The data l_stJmg is si_Llar to the listing prepared for the top of the t_e.

DIST " Lensth used to detex_Lne H/HREF(AVE)

! _ .. : M_m_NmU. _mOUOLAm _Aulr_c_ COMP,4_W, m,,Jr
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:, 3.4 Data Listing For C_IT Gap Iieatlng Tests

iI,

i,

/

,_.
_...

1

ii
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4.0 NASA/LARC
HACH8 V.D.T. TESTS

4.1 HOOELDESCRIPTION

1
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4,0 NASA/LaRC MAtH 8 VARIABLE DENSITY TUNNEL TESTS _i::

Gap heating data obtained in the LaRC Math 8 Variable Density Tunnel (VDT)

under the cognizance of C. B. Johnson spanned a wide range of Reynolds _u_nb_rs and

:: boundary layer thickness. A detailed description of the tests and graphical

presentation of results may be found in Reference 2. The gap models used

simulated chin skin tiles which were mounted in a curved plate and tested with

. Chick and chin boundary layers, l_e boundary layer thickness was vgrled by test-

ing the plate in the free stream and also testing it flush Co the nozzle wall. In -

each model position, the test section unit Reynolds number was varied over the range -I

of i.i x 106 to 40 x 106 per meter; both in line and staggered tile configurations I
were employed, i

The Langley Research Center Math 8 Variable Density Hypersonic Tunnel is an i

intermlttan_ blowdown facility. The test section diameter is 46 cm; and the

test core diameter is i0 to 36 cm, depending on pressure. The tunnel

has an axlally symmetric contoured nozzle. The test medium is air and is heated by

electrical resistance heaters. The tunnel exhausts into either a vacuum tank or

the atmosphere.

The tunnells operated a_ a nominal Math number of 8 over a range of Reynolds

number of 0.72 x 106 to 40.0 x 106 per meter. The tunnel stagnation conditions

vary from about 379.2 kN/m 2 and 678°K to 19.78 MN/2 and 772°K for lowest and

highest unit Reynolds numbers, respectively. A Math number calibration of the flow

is given in NASA TN-D-2417, and a further description of the faclllty is given in

NASA TM X-1130.

4.1 Model Descriptions and Instrumentation Locations - The chin skin models

of the in-line and staggered tile configurations set in their curved mounting plate

are illustrated in Figure 4.1-1. The location of the models for testing flush

to the tunnel wall and for testing in the free stream are illustrated in Figure

4.1-2. The model was tested in both positions over a unit Reynolds number

range of 1.1 x 106 to 40 x 106 per meter. With the model flush to the nozzle wall the

boundary layer thickness over the tiles varies from approximately i0 cm to 5 cm for

this Reynolds number range. By testing the model flush to the tunnel wall, heatin_

rates to the gaps were obtained under a condition of a relatively thick turbulent

boundary layer, with a ma._imum length Reynolds number of 136 x 106, The heat trans-

fer tests were made with the model initially at room temperature. The model was

•. injected into the tunnel test section from a vacuum chamber which has been evacuated

Co the test-section-stream static pressure. Approxlmately 0.05 second was required
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_0 TiM POSITIONSt

(1) I_EcTEo_usM TOTESTsec_xNmo_t._tw.L

: (21;mec_Im ems_Em

$9.43.0. (27.34 Inch), . '1

-._ -:- \_ . -_\ / \\ (4,8 _.¢h)

PLATE FOE I/_-LI_E TILES

TESTPOSZTIO'_:
(I) IIME¢TI_FLUSNTOTIUrrSECTIOllIIO_ZLE

(2) IIMECl'EOINTOFEE

INSTRUMENTEDTILES 10.16 x 20.32 on (4 x 8 Inch)

69.43 cm (27.34 1rich)

I-

"i

":" PLATE FOR STAGGERED TILES

"'_" 520 FigUre "_,I-I
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for the model to leave the chamber and enter the uniform test-flow region, and the

heat transfer data records were started less than 1/2 second after the model was

positioned in the _est section.

The simulated tiles are instrumented wlth 36 gage (0.127 mm (.005 inch))

iron-constautam thermoc_uple wire. The small wire used on the thin skin (.4064 mm

(.016 inch)) of the simulated tiles gives a rapid response tO _he heat input.

Calculations were made to insure that wlte co_ductlon error was small for this skin

thickness and wire size.

The t£1e orientation and the location of the vertlcal rows of thermocouples Is

shown in Figure 4.1-3 for the In-line _ile orientation. The n_langular markers

numbered 1 LhrouEh 28 as shown on the four tiles indicate where the vertlcal rows

of thermocouples are located on the side walls of the cavities. This tile

orientation was used to compaxe the heating on longltudlnal gaps with three gap

widths; (1) 0.15875 cm (1/16 inch), (2) 0.3175 cm (1/8 inch), and (3) 0.47625 cm

(3/16 inch) and spanwise gaps wlth gap widths of 0.15875 cm (1/16 inch) end .3175

cm (1/8 inch). The three longltudlnal gaps contain vertlcal rows numbered 1 through

18. The apanwise gaps j with forward and rearward facing walls contain the vertical

rows numbered 21 through 28. Six surface thermocouples on both tiles 1 end 2

measure the heating to the surface of the simulated tiles.

The location of the vertical rows of thermocouples and the surface thermocouples

for tiles i and2 and for tiles 3 and 4 with an in-llne orientation are shown in

Figure 4.1-4. The various vettlcal rows of thar_ecouples as well

as the 12 surface thermocouples can be located In Figure 4.1-3. The longltudinal

direction is indicated by the X coordinate and has its origin at the leading edge

of the curved plate. The spanwlse direction is indicated by the y coordinate with the

origln on the centerl_ne of the curved mounting plate. Looking downstream, y is

positive to the right of the csnterllne and negatlve to the left. The dlstanee

from the surface of the tile down the wall of the cavlty is indicated by the Z

coordinate.

The orientation of the tiles for the staggered tile tp_ts is shown in Figure

4.1-5. The trlansular markers numbered 1 through 4 indicate where vertical rows of

'_ ii thermocouples are located on the forward face of tile number 4. The four vertical

rows on tile 4 were the only thermocouple instrumentation in the cavities _or the

- staggered tlle tests; however, these were 6 surface thermocouples located on both

t11es 1 and 4 which measured the surface heating to the tiles.
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REARWARDFACE

ROWS9&12

Z m 0.9_5cm
Z = 1.375cm

Z
0,47_cm

Z= 0.9525 ]
J

q

,!

LROWS3& 6

Z=L5875 2&5
ROWS7 & l&4
ROWS8& 11 ® TC'SONSURFACEOFCURVEDTILE
FORWARDFACE x TC'SINVERTICALROWSINCAVITIES

THF,R_COLIPLE .LNSTALI_AT[ONPOR IN-LINE TILES - TILES 1 AND 2

Z
: Z= 0.4762

Z--009525cm.
:= 1.5875cm

= 1.270cm
Z= 0.476_¢m

Z= 0011aAcm

Z = I.! Z = 1.5875cm
•- ROWS13&16- = 1.270cm

ROWS14& _240.9,25cmROWS21& 19
FORWARDFACE ROWS20&25

THERMOCOUPLE ZNSTALLATZON FOR ZN-LZNE TILES - TZLES 3 AND 4

. Flsure 4.1-4
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- I SUP,FACETOSIONt:OFTU) I
ITC! x ITClXIcmI

.- ..... I z I zz.8575I 5I _Y2u5I 9148.57491 A VERTICALROWSOFTC'S
I ZI 25._75I 6 I 37.4625I loi 51.74991 ONSIDEOFCAVITY

" I 3 I 27.9375I 7I 43.4949In l 54.92491 ,, SURFACETC'S ]
, 14 ] 31.]125I S ! 46.0349Jl2 J 58._99J 10.15875cm(1/161n.)"7
: .--..- 20.000cm-.-..-- _-.-.--20.320 cm _-_ 20.320cm.----- //i
:' 0.3175cm ! 0.3175cm |Io.3u5 cm . _--"

N_ 11Atin.) --I]/8 in.) -.11..-11/8In.l --. I..-_/..

r TILE#5 _L/'" MACH TILE# 3

:.c_ 8 0.47625cm_ T,!~ :" _ (3/16in.I . 7 8 9 10 |1 12
!_" AIR'[ _F r_,, : : ._[--- -_
_ FLOW/

d

:;:..: ..1L

i _ 0.15875cm I 2 3 4 5 6 TILE#2

: 11116inch)"__
u..

'_., to 69.434cm12734in.) ' _1,J 1
:J, ARPLEADINGEDGE
,.,,1

:_ T:LLEAND THERMOCOUPLEOP,:I:ENTATION- STAC,GEP_D TILE

"_ Figure 4.i-5
"a,

_-
/.- y=5.080m

/ r"Y =3.81ocm
:. l II"y =2"54cm
., Z=.7144cmn t'-"Z= .4762cm / [I [- 1E'7cm

.9525rm-3\ _Z= .2N12cm,_

" Z--"'OOcmll\l\ ""

.-...: j/__ _ __ _'/- .2_12

z _ c::_'.L_-.2_s_

.,: .3175
•'. _ _ ""-- _--_',_".3175

l_ .3175

" Z

!i_ 2=0.9525m ' _OW4_ ,cROW LR(_;V2 18TCS)" 18TC'S) 18TC'S) (8TC'S)

_ THEEMOCOUPLE INSTALLATION FO_ STAGGERED TILES - TILE 4

'_'.-' Figure 4.I-6
..T
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}.; The location of the vortical rove of thennocoupXee for tile 4 In tho staggered

-J: c:Lle orlont,_.-lon £s shown in F:Lsure 4.1-6 Th8 four vertical rove of thermocouples

i'"_: can also be loQaCed £n ¥:Lsure 4.1-5.
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;. 4.2 Explaination of Terminology Used in Data Listin_ - Results from the Mach ....

8 V.D.T. tests listed in Section 4.4 are organized by run number, model position

r and contain information about test conditions, model configuration, thermocouple

-. location and heat transfer parameters. Tests were run using a model with parallel

li (in-line) tiles and a model with staggered tiles. These models were positionedflush with the tunnel wall as well as on the tunnel centerllne. When the model was

positioned flush with the tunnel wall, the "HT" heat transfer coefficient based on

a turbulent boundary layer is appropriate. When the model was in the freestream

position, the appropriate heat transfer coefficient is "HL" which is based on a

laminar boundary layer.
I

The terminology used in the data listing is as follows: I
TSTAG = Freestream stagnation temperature i

i PSTAG = Freestreamstagnation pressure

Q CODE = Code used to determln_ heating

L DEG OF FIT - Degree of curve used to fit temperature response

: RE/METER = Unit Reynolds number ....

MACH = Mach number

i" XNSTREF = Stanton number t_mes square root of Reynolds number based

distance

TAW = Adiabatic wall temperature

Coordinate system used to identify instrumentation location is illustrated

in Figure 4.2-1.

X = Distance in the flow direction

. Y - Distance normal to "X"

Z = Distance from top of tile (X,Y,Z form right hand coordinate system)

Q ., Convective heating rate

HL = Convective heat transfer coefficient based on TAw/TT =_-

HT - Convective heat transfer coefficient based on TAw/T T = ,L(pr).333

HL/HR = Heat transfer coefficient (HL) ratioed to a theoretical flat

-:_ plate value
.

HT'HR = Heat transfer coefficient (fiT) ratloed to a theoretical flat

.. plate value

F"_ :": HL/H1 = fleet transfer coefflc[ent (HL) ratloed to that (HI) measured at

: .... the most forward location on top of modelw-

: HT/HI = Heat trm_sfer coefficient (HT) ratioed to that (HI) measured at

> the most forward location on top of panel

_27
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COORDIN/_.TE SYSTEr". USED

FOR BACH 8 V,D,T, TESTS

Z

4. Figure 4.2-1
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_!"'-.. HI = Convective heat transfer coefficient measured at the most forward

:T loGatlon on top of model When the model is flush wlth tunnel

wallp Hl is based on TAw/T T m (pr)'333
. When the model is in the

_._, freestrea_ position, HI is based on TAw/TT m_r.

•_ STL m Stanton number for TAw/T T ,,_/'__ r

STT = Stanton_number for TAw/T T ,, (Pr)"333
STEEL = STL*_ Ee"

_,. TILE = Designation of tile where instrumentation is located
;;..-,

IN-LL_E STAGGERED
,'.%_-- "7

V

_, IUPS �tile#i, upstream IUPS �tile#1,upstream
_:_ portion of model portion of modal

_" 2DWN -_tile #2, downstream 4DWN -_tile #4, downstream
: portion of model portion of model

3UPS -_tile #3, upstream

., ... portion of model

4DWN -_tile #4, downstream

portion of model

GAP = XXXXYY PE - Parall_d gap at edge

-"_ of model

PC = Parallel gap at center
;, of model
-i
: Location of instrumentation TD = Transverse gap, down-
[- stream side of gap

"_ TU = Transverse gap, up-
stream side of gap

ST = Stagnation point
_, -, Gap width (10-4 inch)

TITETOP-_ instrumentation located top of tile

HL/HTOP = Heating in gap ratloed to local value on cop of tile for

: TAw/TT "_r

HT/HTOP = Heating in gap ratioed to local value on top of tile for

_._-- TADI/TT = (pr).333

g

_', 5291530
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4.3 TEST DATA LISTING
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5.0 NASA/A_IS, 3._ FOOT H.W.T. TESTS

_." Data from tile Rockwell international Gap lteating Test 158 (OH-2) conducted In

NASA-Ames 3.5 Fool Hypersonic Wind Tunnel h_ve been assimilated. The test was

supervised hy C. B. Blumer of Rockwell International and W. K. Lockman o£ Ame._.

':'" The data are also presented in Reference 3.

The NASA-Ames 3.5 Foot Hypersonic Wind Tunnel is a ¢lo_d-circult, blowdown-

type tunnel capable of operating at nomi,,._l Math numbers of 5_ 7_ and I0 at pres-

: sures to 1800 psia and temperatures to 3400°R for run times to four minutes. The

major components of the facility include a gas storage system where the Lest gas

is stored at 3000 psi, a storage heater filled with aluz,_inum-oxide pebbles capable

of heating the test gas to 3400°R, axisymmetric con=oured nozzles with exit oia-

meters of 42 inches for generating the desired Math number, and a 900,000 ft 3

vacuum storage system which operates to pressures of 0.3 psia. The test section

itself is an open-jet type enclosed within a chamber approximately 12 feet in

diameter and 40 feet in length, arranged transverse to the flow direction.

A model support system is provided that can pitch models through an angle-of-

attack range of -20 to +20 degrees, in a vertical plane about a fixed point of ..1

rotatlon on the tunnel centerline. This rotation point is adjustable from 1 to i

5 feet from the nozzle exit plane. The model normally is out of the test stream

(strut centerline 37 inches from tunnel eenterline) un_.il the t_nnel test conditions '_

are established after which it is inserted. Insertion Lime is adjustable to as :_-:i

little as 1/2 second and models may be inserted at any strut angle, i

A high-speed, analog-to-digital datz acquisition system is used to record

test data on magnetic =ape. The present system is equipped to measure and record

the outputs from 80 transducers in addition to 20 channels of tunnel parameters.

The run schedule for the OH-2 test is presented in Figure 5.0-1. Data were

: received for 71 data runs out of the 81 tests that were made. The run schedule

presents information for these 71 runs. The tests were run at Math 5.1 at four

unit Reynolds numbers. The Reynolds numbers were 1.4, 2.2, 3.3, and 4.5 x 106 _

per meter. A total of five gap widths and three gap depths was investigated.

I" 'I_o forward facing steps and one aft facing step as well as the flush tile con-

figuration were examined. All testing was done using a flat plate model al zero

angle of attack,
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RUN SCHEDULEFOR OH-2TESTS - 3.5 FOOTHWT
MACH NUMBER= 5.1 TR = 2000°R ,x: 0°

REYNOLDSNUMBER/METERSCHEDULE:DA =41 4 x _6B = 2.2 x Ino C = 3.3 x no 5 x 1| | ,

RUN Re/m INSERT T/C SET G,_PWIDTH GAP DEPTH STEP HEIGHI'
NO. SCHEDULE NO. NO. (IN.) (IN.) (IN.)

6 A I 0.200 .4/.8/1.6 0

8 C

9 D

lO A 0.100

11 B t

12 C
J.

13 D

14 A 0.050

16 B I

17 C :
18 D

19 B +I/16

20 O.I00 l
21 0.200

22 0.200 +I/8

23 0,050

24 O.lO0

25 -1/16 ,

26 A V 2 0

27 B I28 D

29 A 1

30 B

31 C

32 B +t/t0 :

33 A +t/16

34 A Ill 5 0

35 B

36 C

37 D

_594 Fig,,re __.0-]
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RIJNSCHEDULEFOROH-2 TESTS- 3.5 FOOTHWT
MACH NUMBER= 5.1 TR = 2000°R ot= 0o

REYNOLDSNbMBER/METERSCHEDULE: A = 1.4 x _6, B = 2.2 x .,,_6,C = 3.3 x 106, D = 4.5 x 1

RUN Re/m ; INSERT T/C SET GAP WIDTHI GAP DEPTH STEP HEIGHT
NO. SCHEDULE NO. NO. (IN.) (IN.) (IN.)

38 A I 0 1 0 0t39 B
40 C I

41 D T r

46 A V O.lO0 0.800

47 B

48 C

49 D

50 A 2

51 B

52 C

53 D

54 R. I 0.200 .4/.8/1.6

55 B

56 A O.lO0

57 B I58 D

59 A 0.050

60 B

61 D

62 A 0.025

63 B I64 D

65 k 0.050 +I/16

66 B I67 D

68 A +I/8

69 B

70 D

71 A -I/6

;,2i B t .... 1

595 Figure 5.0-i Continued
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RUN SCHEDULE FOR OH-_ TESTS- 3,5FOOTHWT
: _CH kJMBER = 5.1 TR = 2000°R a = 0° ,.

REYNOLDS NUMBEI_/METERSCHEDULE: A = 1.4 x I0°
, B = 2.2 x 106 , C = 3.3 x 106 , D = 4.5 x 106

RUN Re/m ; INSERT T/C SET GAP WIDTH GAP DEPTH STEP HEIGHT
NO. SCHEDULE NO. NO. (IN.) (IN.) (IN.) ;

"'i

73 D II 2 0.050 .4/.8/1.6 -I/6

• 74 A I I I 5a O. lO0 0
1

75 B

76 D :_
i

77 AB o i i.;I
78 i

79 D ti ,
: i80 B 2 __:,

/.
• i

., ":
...J

t

i
.£

..j

!

:i

!i
" 2:!

ii
!

!
J

- !

t

°. ":]

.-,. 596 i
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i 5,1 MODEL DESCRIPTIDE

' 5.2 CALtBRATION DATA
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" _ 5.1 Model(s_ Description and Instrumentation Location -Tlle test configuration

.... consisted of 27 inch by 60 _nch carrier plate wedge into which 24 inch by 42 inch

instrumented test article inserts were placed. Figure 5.1-1 shows the carrier plate

with an insert(s) installed in the test section of the 3.5 foot HWT. Total temper-

ature and pressure probes were mounted on the downstream end of the wedge at three

spanwlse locations. These probes were used to define the freestream conditions

for the tests. A sketch of tile carrier plate is also shown in Figure 5.1-2. The

• model coordinate system definition is presented in Figure 5.1-3. The five inserts

tested are shown in Figure 5.1-4 and are as follows. :i
I

Insert I - Smooth heat transfer calibration plate (Figure 5.1-5)

Insert II Single transverse gap (Figure 5.1-6) ]

Insert III - btultiple transve rse gap (Figure 5.1-7) J
Insert IV - Longitudinal Intersecting gaps (Figure 5.1-8)

Insert V - Diagonal Intersecting gaps (Figure 5.1-9) _

The instrumentation locations for the five inserts are shown in Figure 5.1-5 thru 5.1-9 !
i

The coordinates of each thermocouple are described along with the basic heat -::_

transfer data in Section 5.4.

5.2 Calibration Data - Four calibration runs (Run 38 thru 41) were made to

• I
characterize the flow over the test configuration utilizing the smooth heat transfer

calibration plate (Insert I). Three rows (y = -20.54, 0.0, and 20.54cm) of Chromel-

. Constantan thermocouples along with three corresponding total temperature probes

were used to measure the heating environment along and across the test article.

Figure 5.2-1 presents the heat transfer coefficient along the calibration plate (y =

-20.54) for the four _est unit Reynold numbers. The heat transfer coefficient (HL)

is based on a recovery factor of 0.874. Companion data was also received for a

recovery factor of 0.907. The low Reynolds number heating data decreases approx .....
ii

imately with the square root of distance along the panel which Is characteristic

of a laminar bolmdary layer. The higher Reynolds number data shows a decrease and ij

ithen a sharp rise in h_atin 8 along _l_e panel characteristic of transitional flow,
!

The [teat transfer data measured on inserts with sXmulate4 RSl gaps are referenced i

I to the flat plate calibration data. A two-dlmenslonal Interpolation in the x and
I

• y directions was performed on the calihrallon dat_ for each test condition to

i', determine the reference heat transfer coefficient at the le__ations where gap heat-

ing data were measured. Figure 5.2-2 is a typical plot of Stanton number along the

calibration plate. Tha laminar and transitional hea£1ng patterns are obvious from

this figure.
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"' CARRIER PLATE FOR AMES GAP HEATING TESTS

27. 000" _ --24. 000"
$ PT ANn TT _ROBES-- ((,8.58 CM) (60.9b CM)

I -.t

,,," ...........................Dt:i ....
i

I !- ;l.O00 n _ _._ 42.000"
50.48 CM (106.68 CM) i

CONNECTIONS .i

l
I

92° 379" ..... .J '
f234ob43 CH} r] d

60.000- _I 114.128 CM) I d

• ,,.ino (lsz.4o cM3 i s.s6z" D i !

_---'.005" R _ So 10o

,.o,,, _ .., -_ .._

•ill --_-----_--/
" LtADINI; I I_f;I

I" " _e19 FtlRure '_.1--2

l a MCDORIP_ELL /DPOUOtA_ _i_Ir_i}_A|llrlc_ CdI_MPAImI,'- _4.q I

:-'T
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AMES GAP HEATING MODEL
COORDINATE DEFINITION

• l ey

/ xo

+YY _
+ZZ

Q

DETAIL A-A

TCI . ZZ , (VAerABLe: I}S'_t X/Z6".O}

I" INSTRUMENTATION UNIT
k

I''_- 600 Figure 5.1-3
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L"

._'- AMES 3.5 FOOT HWT GAP MODELS

" • TEST VARIABLES

106Re/m = 1 4, 2.2, 3.3 'D 4.5 CALIBRATIONPLATE

M =S.l

" GAP WIDTH = .159 AND .318 cm

'. GAP DEPTH= 1, 2, AND 4 an

: STEPS = O, + .15g AND + .318 an

• 71 TEST RUNS ASSIMILATED

G" _ " ']

".7

SINGLE TRANSVERSEGAP MULTIPLE TRANSVERSEGAP

IL! !111I

_:_..., STAGGEREDTILES 300 ORIENTEDTILES

:i: " L

- ,4

:,i":', _ -v 1 _ I

_-k 6ow

__ Fl_ure 5.i-4__ MCDONNELL DOUGLAB AITRONA4JTIC_ COMPANt* ,, IrAB'#" "
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AMES GAP HEATING TEST INSERT I
(SMOOTH HEAT TRANSFER CALIBRATION PLATE)

'/



m

RSI GAP HEATING FINAL REPORT REPOt+MD_I Ira)+
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'.

o,

• AMES GAP HEATING TEST INSERI I[
PRIMARY INSTRUMENTATION UNIT

;. (SINGLE TRANSVERSE GAP)

.62.5

II I _ -- _ ,625" 1.2SO"

' " "I L . t C _ T _"

t

$ ON 45 ° LINE 6 7

' _ _ f : _ " _ t _....
SECT lOINA-_

16

I
_ECTZGN C-C 1

Z, , 40 __-l"_:C i t
:, ON 45 ° LINE ,.',1IT'_L_:

t,l :

]I .72 Z-]_ 3<.+ 43 tl J_ 1,_ J', 4.q 19 ; i)

"%4 + + + ; "+++ :+ ..... ,l

!':1

: :- ]
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AI_,ESGAP I-IEATiIiGTEST I[ISERT II

PRIMARY INSTRUIIE[iTATION IllliT

(SINGLE TRANSVERSE GAP)

ON 4S° LINE 60_

SIS2Smi_3_575859 ' ,,

S4---_56 SECTION D1 - Dl ]
SS

Figure 5, 1-6 (Conttr_ued)

$(14
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:_ AMES GAP HEATIf_G TEST INSEPT II

PPIr_ARY I[,JSTRUr._EI_rATIONUNIT

(SI:_GLE TRAIISVERSE GAP)

J

, o]. FiRure 5,1-6 (ConLinued)

605

I ,MCDONNELL DOUGLAS ASTRONAUTIC4J COMPANt, e EAgleT

00000007-TSC12



J

t

,. GAP HEATING FINAL REPORT REPORT MDC EIn03

ANALYSIS VOLUME II 29 JANUARY 1974

;: A_ES GAP HEATING TEST INSERT III

(rIULFIPLE TRANSVERRE GAPS)

., (_),,,,.o {_c_ @_' _ _6.000

i I '
i _

• PRIORY it

q /_-- INSTRbm,.__,

-6 10- .ll "; rio _ UNIT
13 I 18 :..

I2 3 4S 7 8 9 121141 rlTi 19
, i i i i1 .L L L .L [ t

A I[ I !I Ik I I ': :: [ [ I

_ !
I IIIII

.,

L. 6.000 _l

.. i ;- _- _- 8 6_

,oo_.4,Li I _-.°°°
,: _ .j _CT1O.A-A

_--_ 4,450 v I TYPICAL

3, 30

1 NOTE: DIMENSIONS IN INCII_.S

l"i)tIH-t '}.I-/

•.:.:• 606
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, c, _ERT IvAMES GP,P III:ATI_IG TEoF lld_

(LONCIIUDIIdAL IIITERSfiCTIIIG GAPS)

----_ 6.00_---

, ,,,

!

INST. UNIT

NOTE:DIMENSIONSININCHES

NODULEA NODULEB

2 ON 45° LINE 12 ON IS ° LINE
1 1/ II /

17_ ___LLT__/
9----_ lJ _9---_.

1o 20
NODULEC NODULE D

22 ON 45 ° LINE
21 I 31

2s5_--.._ .
27_ ,- 35

I'i pills' ,. I-,',

6O7

MCDOltlNELL DGUGLA_ii ASTROlttAUI ICfl COMPANY. • _ _lf

i
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•- At_ES GAP IIEATI;IG TEST IIISEPT V

"- (DI/_GONAL I{ITERSE.CTING GAPS)

Lis'ut_' 5.]-q

6O8

MCDONNELL DOUGLA_ A_'r_)oNI._UTIC_ _-OMP_N_ P • _A_I"

-V- --=_ - =_-' ; .:.T_ .... ...._._-_
q ]-L
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AI_ES GAP HEATING TEST INSERT V

(DIAGONAL INTEPSECTING GAPS)

-54 ON 4S° LINE

41 42 43 58 59 60

45 52

40 _ ! ' SO MOOIILE C
47 • _, 49

SECTION C-C

_6gON 45° LINE
71

61 62 70 J72 73 ?4 75
I

• 768

iS66

4 MODULE D
SECTION D-D

63

_?g ON 4S° LINE

76 77 78
_ODULE E

SECTION E-E :_

o
_89ON 45 LINE

2 93 94 9S

SECTION _-F

Figure 5.1-9 (Continued)
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HEAT TRANSFER COEFFICIENT (LAM) ALONG AMES WEDG

J
J

ql"
0 ,,

• "1",

+ • i

"_ 8, JL *,
(..,1" " +

IdJ

I 4.

:= • i

iii i ]

+ • i
4. :l

ill • kF 4. 4. 4. 4. 4. 4. 4 4. • i

: +" " 1
• • & 4'4, &

= mmmBBa, _BS]_e am=m=mem i
i
I

!

=20,00 40,00 60,OO 00,OO lOO,OO |2_.00 ,,IO.01 -
X - DISTRNCEFROMLEFIDINGEDGE {CMI !

I

610 _'t_ur- _,,,_- i 't
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STANTON NUMBER (LAM) ALONG AMES WEDGE

,,,,-,,,,,,,,-r.,."_._--l
ii

i ,
SYM Re/m RUN I _a! _"::::':.-::'.::2;::.

m 1.4sosE,o6ae "Iil ],, I
_ z. _991C+06 3g .,,._:_---,,_------M _,._.,

l m,n all l_ll I_

• 3.2607E+06 40 _..._____.,:.,;::______

+ 4.5119E+06 41 ["----'-- "'_

;

, _ - LI_'I'ERI_DISlF_CE trJll= O.000 ,
I

"" )i

2s. ..... .. ,:

" :. 1
_j_ Bill .

meP •c. , - j •

Dee mme_ _me}m m_• QO •

4. " • . . _0. • . 4, t I _ 0 QO • ;]

Q

_i 8. :.
' _O,DO ,_o,o0 _o.oo em.oo ioo.oo I_L'_,P_ l_O.m -_

_i' X - DISTANCE FROM LEFIDIN_EDG_ ICe)
FiFure s.:-"2

.'.--- 6111612

I_- MCDONNELL DOUGLAS A_,T_OIMAUT'-JC.q COMPANIY • IEASlr

.. . ,.'T-_-__:--- - ,..__, " "" _.:---
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5.3 TERMINOLOGY IN
DATA LISTING
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-.': 5.3 Explaination of Terminology Used in Data TesLinK - Results from tile AMES

' 3.5 Ft. H.W.T. tests presented in Section 5.4 are organized by run number and with-

in each run are segregated into one of three lateral zones across the pane I. Total

pressure and to_al temperature probes were located at YY = -20.54, 0 and +20.54 cm,

hence the data segregation. Unit Reynolds number was computed for each probe and

the unit Reynolds number is printed on the right hand side of the tabulation to

denote the segregation. Information contained in Section 5.4 is in terms of SlU

I: units.

The terminology used in the data listing is as follows:

TT = Freestream total temperature

PT = Freestream total pressure

HT = Freestream total enthalpy

MAtH = Math number

QS = Heating to a sphere

HAW = Adiabatic wall enthalpy

CONF -- Test Panel Configuration, CONF combines "insert number" and T/C

set number (contained in the Run Schedule) into a single number

CONF INSERT NO. T/C SET NO.

1.00 I 1

2. i0 II 1

2.20 II 2

3.20 III 2

3.30 III 3

3.50 III 5

3.51 III 5a

4 i0 IV i '_

4.20 IV 2

5.10 V 1

5.20 V 2

I GAP = Gap width
i

STEP = Step height

't x
T/C = Thermoeouple listing

• X = Distance from leading edge of panel r.i1

Y¥ = Lateral distance from panel ¢m_terline iiI
ZZ = Distance from Lop of tile (X,YY,ZZ form right coordinate s>':_ttm0

613
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Q = Heating rate

HL = Conw.ctive heat transfer co,_.fflclent based on HAW/HT - 0.874

HT = Convective heat transfer coefficient based on HAW/HT = 0.907

HREF = Reference convective heat transfer coefficient obtained from

calibration plate (insert I) at the same location as instrumen-

tation o11 the gap model 0HREF is obtained by interpolating

, smoothed calibration plate data.

HL/HREF = Convective heat transfer coefficient ratioed to that on the

calibration plate at the same location

STL = Stanton number based on HL

STT = Stanton number based on HT _i

RE/M = Reynolds number per meter j

GAP-TYPE = Gap type mld instrumentation location description i

SINTXX Single transverse gap :ilJ

LNGE>LX Longitudinal intersecting gap, cen_erline of panel

_.NGEXX Longitudinal intersecting gap near edge of panel

DIACXX Diagonal intersecting intersecting gap, cente£11ne of

UP Upstream side of gap

DN Downstream side of gap

CT Center

_HILI'PL Multiple transverse gap on plate (tile top) surface
J

information for thermocouples with abnormal data is omitted from data listing.

LI, ii
J

" iiI

614
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5.4 TEST DATA LISTING
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5.4 3.5 Foot H.W,T. Test Data Listln 8

:i
1

!1

.1

°

_i _.

:i
6T 5 t

i COMPANY . EAElr

MCDONNELL DOUGLAS ASTIPONAUTICS
-..!

O0000007-TSD09



_yP HEATING FINALREPORT REPORTMDCEI003
SIS VOLUME. _ JANUAeYlV74

I

M •

_zzzzzzzzzzzzzzz _
UZ 2ZZ

P

M

w

. _;_Z_;.__ _ _ _ _~~~_............. "" "_ " ""

e! 1$l le_ Ill

" 1 ._ *'. ............... _I ......... ' .............

616

M_DONN_LL DOU_ILA_I ,4_I1rlItONAUTIC_ COMPANY. _A HIr

00000007-TSD10



m

-_P HEATING FINAL REPORT REPORT MDC EI003
:,_ ANALYSIS VOLUMEII 29JANUARY1974

w_J_w_uj_

• • • • •
,; ........ .".... 2,-2,:2"

• • m • • • • • • _ % • • • • • • • • • •

_, _,., ,,, , - "_' 77777T7

._ "'.4 .... _ _ ...........

.... :_ • . _ : :

...... ,.,:_ . -_,,:, .... _, _ ............ .!
" 1

• • . • • • • • • • • • • • • • !

lm

617 " t
1

I_I _ _ O N N E L L J[3e'_#,](; [ .,__ A .41"IFR ir) _I A d-I T l t_. _ C fl I_I P A N qY - I_ A _q "r i

o.

.................. --=-- .......... t

00000007-TSD11



• - 618

I 'i-- ::' MCD(1/_&I£LL g)(l/JGl ,4_I Al._J'g#1_OAtAl#JgtcN. - COMPAI_F . l_--4._llr..

00000007-TSD12



':°

; _P HEATING FINALREPORT REPORTMDCE]003
ANALYSIS VOLUMe II 29 JANUARY1974

<

N•

2'

_ Qo_QaQam

eIRmQIll

IlIIIIII _

": II llllllfl

_ __ " _...

I II III!llll

I IO oeoeeleo _ _

•

-- 619

'' ,. MCDONNELL DOUGLA_ Ag'FRONAU'rlCS COMPANIV. EABI_

OOOOOO07-TSD'13



FINAL REPORT rEPort moc EIoo_
_-'_RSI GAPHEATING ,o jANuary I'_14

ANALYSIS VOLUME II _"

N_),_&J,NN NNNNN NNN N N NN N
O ==mm==cl _°°=°°0°°°°°_°° ?_'9=,,,,?_'???,07T?

_,__ _ ,,_ v,__ w _lW _ wvmt_ _ ,_ ,,_ ',_ _ ,,_ '_ _ _ _ _ '_ w _ _ ._ ,_

I

,.rt0 _

M Z

• _== == ¢= cz ca _ ¢= Q
t oo*_ooo o¢=oo_ I t I I t ¢ I I t t I I t t

®==- _r =''_''''''''''3===.===_.=_ "' =''',= '='_'_'_'''''''''''''-_.--=_'= - _:

-_ ;, ,, ," ................. • ..... .; ........................_... . _._ ,.,._'"

'-"..... _ _%" .i

• _ I ! I ¢ ! _ I t t t ¢ ¢ e ; t O 0 e o I

670



• HEATING FINAL REPORT REPORTMDCE]O03
_- _ ANALYSIS VOLUMEII 29JAHUARY1974

i

!
m

m _

q ooQooo_oa_

_ w _ i , , o o o o | o o

o -o- 1 I_IIIIIII i
Ill I ..... 1

_11_1111111

1 _ iiillllili

I =

° ??? ? ._ _T,,,,???TT

., 7777 /

_0 _ _eeeeoeeoeo

I_2"_ .......... : ............, _g_g_ ..................

,$ -- i11111111

621

MCDt.)NltlELL DOUGLAS A]TRO_IAUTIC__ri L_OMPANV " EASY

O0000007-TSE01



ji RSI GAP HEATING FINAL REPORT REPORTMDCElO03 --

ANALYSIS VOLUME II 29 JANUARY 1974

t:.
- !a

! .

O00 00,,,,,,,,,,,,,, , ,,, , TT TTTTTTTTT?TTTT

_0_0 _

''o''''o'''''' _ ''' _ _ '''''''''ooo'o



_P HEATING FINAL REPORT REPORTMDCE]O03 '
ANALYSIS VOLUMe. 29JANb._Y 1974

W
N
o
R

• a
° _tNllEmRml°aOQQOQao

el° _ j oo_a_o_o

8

; _ZZZ_d_ZgZ_

• • eoeeeeeeee

_ _ = _*****,

_ _ _ "__

, ??? = _ _~_~_~_
_.,,,,,,???

-_: _ _....... _

o- ____ _ _

*e

623

MC*DO_tttELL OouIrlLA_I AgI"IIONAIJTICS C OMPANt" . E A B I"

O0000007-TSEO3



I+I ,

_yP HEATING FINALREPORT REPORTMDCE,O0_ !sis vo..,,,.,, 2.J..u.,-,.,.
+,

:.i

a

°

o i

ttl|| ! || //l|l|'lll|llt||$
WW

... .... ¢¢¢¢¢:¢
//111/11111111| I|1 15 I # tlflllllllll|lll II

MCDONNELL 110UGLA_ A_t'rRoItlAU'rlCH COMP4NV . EAST

"++""+ O0000007-TSE04



RSIGAPHEATING FINALREPORT REPORTMDCE1003

• ANALYSIS VOLUME II 29 JANUARY 1974

W
I

= l

zz I .z._zz.,z.l=o.. :iOQ _ _0 QOQOQQ_

W NN _N_M_MNMNN_N

( |* ill|lJtllllll

oe oeooeeoeoooee

i

II Ollill|lllill

• • t • tt/////tl /•

O

_ ie O/elletOtOIOI

"_ ............. t

_o ooo

_e e_ee_eeeee •

1_ _ .._._ _ .......

l

• " 625 t

I MCOONNELL DOUGLAS ASTRONAUTIC_ _O_PANV- EAgY

O0000007-TSE05



"_--'_.RSIGAP HEATING FINAL REPORT REPORt MDC EIO0_ t
_;,'" ANALYSIS VOLUME II 29 JANUARY 1974 :1

i •

L _

;-...-..-....-.. ... _ . . .._...._........

. _ ,,, ,,, , _,_,_,_,

lllllllllllllll III llll lftllllfl

2"

.......... _'%_.

eoeoeoeooeelooo Oeo IOeg • • olooioloeeeoei_l

O_

e"

[_ ................

__:: .........
• llllllllllllIIllOllO

1 't

L" :t

:i

-- " __ - _A_? I

#

..............i............. I

.............................................................................................O0000007-TSE06



_P HEATING FINAL REPORT REPORTMDCE1003
SIS VOLUMEII 29 JANUARY1974

e
R

N

_ o" Ig .t 8°l.°°h|l|l""'" "
IfSZllZ8

P

t $ It /lllllll|tll

= ." .°.. ¢_°_°'*''.......

IIIIIIIIIII

627

"_ MCDONNELL DOUGLA_ ASTRORIAUTIC.q COltfPPJltlV * EAdlT"

' ' O0000007-TSE07



<;_'_"RSIGAPHE/_TING FINALREPORT REPOeT MDCEtOL)3 :

)_7ANALYSIS VOLUME II 29 JANUARY 1974

O

0

= 4 4

I_ I I | I t I I I I I I t I I I Ill i I I I _ I I I t I I I ! I I I I I I I I I

•,, _

,, _ "" J J-'-_ J.':-:,_-_ J ................... .: • -: • ,

•' TTTTTT ?T_' .........

M

-,.,J_O
OL .... _ ' ' ' ' ' ''' ?_? ' ' ' ' ...... _ ......

la. ,w_

.. _ ........ _. _. ................

, _ .................. . •_,.,;...................

._ ,.4

....... oo ........ jj ,j..,_j :j& ............................ :

,.......... ,,, ,.: . ..'_',_..,.............................................. .I
-'- ;T .............

• •.... ,,; i, ,-" - .,,"_""7,_ -,,C"._" '-"" "_., . . _. ,,.,.." '" '"_.,_.,. _,"_ .I I _ ; : ._-: -I _ _ _,_ _ ; _ :_._.;,,., ..................... , ....
-=_;._,,/;" _ ,.,'_ ...........................................

,,,,_,_,,,e

628

O0000007-TSE08



_P HEATING FINAL REPORT REPORT MDC EI003
ANALYSIS VOLUME II 2")JANUARY 1974

629

f, MCE)ONNELL J_LOU_C;L A_ _._TR_ItlAUTIC-q COMPANY. EAST

'- u . . v, :_ *_+

O0000007-TSE09



r

• +_ FINAL REPORT REPORT MDC EIO0_ "-""
_ RSIGAPHEATING

ANALYSIS VOLUME II 29 JANUARY 1974

I
O

" WI

I X

::::::::::::::::::::: _== = oo======[_=-==--o=oo

+_+°+++++_+++_+++_+ ooo+++_ _ +o++_+++_+++++Ig=o+o
_IIIIIIIIIIII II++++_W_+W+_IIL_II fill lllllllIllll





_P HEATING REPORT MDC EIO03
FINAL REPORT

: _ ANALYSIS VOLUME II 2.9JAHUAFtY ]r,.74

• .. 6._2

*I '_ MI_II(3NI_F. LL /')/JIUI_L_II_ _I-qT'RO_II/IUTIC_ il_lr)MPrlNlt. Irllqt

......... _ + ...... _:-_--T_7-1 .... ---T-- $$ 7-Zi; ..... TT-,TZ---I,+T-+TZITT,-+-+',I:2,T+_ "+ ..... .'_ +,, +

O0000007-TS E_2



_RSI GAPHEATING FINAL REPORT REPORTMDCE|OO3
Y ANALYSIS VOLUME II 29 JANUARY 1974

0

o

I •

_?_T "_,,,,,,,,,,,,

I_II |||||||II|I|I

O0000007-TS E13



I



_P HEATING FINALREPORT REPORTMDCEIO03 :_
ANALYSIS VOLUMEII 29JANUARY_974

m
o
W

N
4

. oo'' °°o''" ;. oo_'''_'='o°ogooo's'R

::,, ::=,,, __ --,,,,

¢¢ ,,, ,,,,,0,,,,,,

.J

-_, ¢?? ...... °lit llllll°

_N

_.e _mm 8ummeu_ms_

T

635

Mi'--CDONNE'LL I')OI,IGLAS ASTRORIAUTICS COMPANV * EABT

O0000007-TSF01



i

•' -- _ FINAL REPORT REPORTMDCE1003 "!
_"_ RSlGAPHEATING i

" _ ANALYSIS VOLUME II 29JAHUARY 1974

_ _ZZZZZ_tfZtZtZ_Z ZZ_ _ L ZTZ_IZI_K_ZZtZZZZ

• _l_IIIi_I_izz,.. zzz _IIII • z,zz,.,zzzz,.zzzz

• _
,,,, ,,,,,,__ ::_ _ }_ __:?_? ,,,II

; ,,,,,,,_, _,_..,, .., ,,• _._ _ _ _ _._ _ _''_''''_''''''

636

MC_OltI_ELL DOUG&A.'_ A_TROItt,4AJTIC.'_ t[?OMl_,_t " . I_NT

..;_.........._..., i._:_,._.-_.,,, ....__.,,.._:__..::_i,....... 00000007-TSFO;



.. 6 37 ']

O0000007-TSF03



" I

_fr'-_ FINAL REPORT REPORT MDC EIO0:_ I
T" _RSI GAP HEATING 2v JANUARY 191.I :
: _,/ ANALYSIS VOLUMEII

e, •

.., ,: _ ",

I | I O * | I | I I I O O O | $ .|1/O_1 ,I.I _,,I IJz_J hJ
P"_ .,Q eP

]

" "2.:'...............

= - ., ..-_g,_--g,_,_- ...................... .: .i

:, j

i_ dl _._ t . _ t _.. t I , , , I I , .... I I , l , I 1 ..... Ii I , I I , t I

ls

.............................. _: __ .x....... ........... :""-'c ..... ._'-_:_ ;C!2 _

4

g- , -..... i................ ." "'._ ".-:'.-;X''. ................................ :

-'-.:'2 ", ". , _ .... _ .... _ .......... 11 =_,T.=_" .... : ....................

• :,]

1.1

.!

_]a .-!

1
-- ,, , ,) -2= - . -2--2 .- V : " . -

O0000007-TSF04



_yP HEATING FINALREPORT REPORTMDCE,O0:3 1sis voLuM_.. 2,j,.u,_Y,,7.



_-+". RSIGAPHEATING FINAL REPORT REPORT ;ADC E1003
_" ANALYSIS VOLUME II 29 JANUARY 1974 ti

iii iii

o

7 W
MI

._
,.-+,:,,:--'===,+=++--=.,,',,,=- " _=--,,=,:=,'+"=o"_'=_ _<_=o_, '_

_ g g + l _ I _I _ II _ l g;_,,+,,,,,,...+,,,* . o ,. ,,,,,,,, _ o., o....,++'°.... + • _o- _Io- tl _ +-_=," ° 9.' ii)i

I

o o 00 o o o 0 o o o o o o o o _ o o a, 0 o o 0 o _ o o o o_ o _ ,

._ l.l.t 6_JW LL!
_ " . . . ..,.-

.I.t.x,s..,t .,_ ,1_,,,0,_%1,,,.+,.. _,.i J+ .f ,._ d_ 1,1,_.,.i,_.1_._+ _/,_+,._, .Do _ .,.i _,_

........... .o ...... :
io dl_i_ ID ID _ _ i_ Io io io I_ ii ii i_,i_ io ID Q eD ID _D I0 IO Io io iO m 10 Io 40 I_

......................... ". ...... : ...... _..

_'., -_' ............._,_+,:ooo.... .=.oo+_.._+_....+.o _- +_..+_+o+.o._o.+o+.+-._? ,,...+.'...+.+i I I i t I I I I I I I I t / I i I I I I I i I I I
+._ _ +_._ _1 _ _+,J+,+1_ ,,.i I.hl.•,ll.hl I,,r,l+.1.11,_I_1 _1 I,I,I_1 W ,_ I,,.I .,,,I ,I_ ,_1,_1 ,J +,.I_,_ ',I.+I_ .._

.... / i _ .... t e , , I , I ill , , I Ij , I I I I / I I I .... I .......

3 *

I

m ram, t_ n r i_ _ - ._ .+i. + .+,++- - +_ + _,sl + _-_ • • • + , • , + , , . + + ,.

._. l I I I I I l l l I l l t I l l l l # I

, +', .... _ +;.......... ,,. ; .,,+ .... + +,+., + _+........
_--% +,, %_s _ • I • • • • I I • • • • + • • • • • • • • • • • • • * °

i.-

-+

+

II_4{+"Ir'JIO_II_IELI+ IlLJII4_L46 4 _qPRO_/AIIIrI(_ ._++ (?llMl_Ir_AIN/Ik*-EANI

..... __ ; ..................... _,__=_+=_- _..... . _ ; _-;_;_ij_';_, _ ,- + ,_
........ ._-_+-_ ++,_=" " -_L + .+-::__--+.---+.......... _-.: .............. _ _'..... ', ........_+" ..... . ...............

,+, ,]+ " --_ ...................... - G

• ', .,+..+._......................................................... _......... +,_................................. + ..........................

+_:'+.... UUUUUUU_/_Ub----------_-^_



MCO_INNE_LL 00U(';|_.45 AqlrRP_I_ItlAUlrlC'._ L';_(L)MpAINY . E'A_I_I "

O0000007-TSF07



'l MCDONNELL DOUGLAS A_-RONAtlT#c_ C'.OMP4N_Y _ 1_4_1T

O0000007-TSFO8





_/RSI GAP HEATING FINAL REPORT REt'oR_MDCEIoo:_
_,'>"ANALYSIS VOLUME II 2') JANUARY 197,1





"_:_ RSIGAP hEATING FINAL,BEPOBT REP:IRT MDC EIO(J3
_,>"ANALYSIS Vo_L_o_Me, 2'_J.ANUA_YI_1.1

8 .J
,B i
@ 8

-_ 4 4

41 I _ I I _ ! ' t t ! S ! ¢ S , ! ! I I _ t _ I ! I | I l I

.I'.i..i_(P m_ ,._ dO e...

....................... ". """ "_ .... _,C,



FINAL REPORT _EFORT MDC E]O03
' '_'_RSI GAPHEATING

:. _"" ANALYSIS VOLUME II 79 JANUARY ]974



I
'!

" I++..,-T'-_

,,.._ FIN,aL REPORT REPOR1 MDL [: I()Ot
" /RSI <,lAP HEATING P,; J,_,i'IUARY 1914

. ,aNALYSI S VOLUME II _J

."

I

I

,.,.,"•...' ,+._:.::, ,:,:• '"+'-. ++.... ,.........: +_:+,._,.... ++:+:=+.::+++.++ _I I I I I I I
"" _I I I I I I I l l I _1% I I ? I I I I I I

........................ ; +j-.:.;
I

.,..,.,, ..... .. .... . ,, .... ..,,. .,,. ..,_w I,,,+

.+"++'_t'+" ""'' +++++:++:m"+_'_ : +
i . i I + I • • • • • • • • • • - • • • • • • • • • •++ .................. ;-_ .._.- ....... g + .+.,....,++ + +-,.+,...........

_t._ Ii_ ....... Ij , l Ij , l l , , l l , I i , , l l l , , I ...........

..... . ......... g .... ._

._-_'-+-o+++._-'+.++_..,_. +,++.... +,..+....... .+_® _+'".,., _'._°"';2..,".,,,,_,+.o+._.., .
....... '.... 2":...":

- . ._..:'.:,,:, "+...,,,:,-.,,,,,.,,,-,_.,..," " ",C, ...,,,,....,,,..,_,.-,,,,,,,,,,,,_.-,.-,_.................1,1%1.-+ .-

+..+_ ..i 11" +r._l +J ,, .+,+,_,_ ,...' .+, ,wl *,.,,J,.._ _I _.l.J _, +l++J u.lW 'vJ.J L+ 'J ++_' .+' _,J ,' _ ,_',+,+_ :,' ..'

Ii . • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • " • • • * ]

' _ _ _+,,

,-+

+. +-.._, 1 dl

. m :m tm i,_I+I-.. P. + ,_, -- " "+

, I I l l , , + + I

•. _+ l I I I I I I I I I I I I l I I I I :

+ -,, -',.,1• .; .........................

' i' k+

[ i

i

!

..........................._..',,..,-c__ ........................................... • 7-? , mr._- _,_.__ _ ] I I "

O0000007-TSF14



_P HEATING FINAL REPORT REPORTMDCE1003 Io.
SIS VOLUMEl| 29 JANUARY1974

d
m
o

_ZZZ_2Z_ _ _Z_ZZ_Z_ZZZ12

_c

IIIlilill *ll_l_llllllIIl_

m _4Z_J++Z; ............

,, (

• !"_ .,MCrl4rlNN_LL-- I)OC/t';LA_I ASPIROIIIALITIC_i COMPANY. EAST

0ONNNNNT-T_n_



m

.<_-_P HEATING FINAL REPORT REPORT MDC E|O03

ANALYSIS VOLUME II 29 JANUARY ]974

m _

!

_ _zzzzzzzzzzzzzzz_2_ _L_L ZZZZZZZZZZZZZZZZ

IO Ill! tile tl_e ItOltlll l!

.,

,._.,...,_.,,_,,,0_ .... ,,,,.,,,,.,,,,,,

........ I"_ " "'_

=_ ,, ,, ..... =3"=;_-=_ ====• oOoo0

, ,. ?_ _'_ , ,,_..''_' ,... _ ''' ,,.,.,,, ,., ,,._WW t*J _J _

" 1

_4

" 1

..... ,,,,,,,,,,,,,,,,,, ,,,, ...,,,,,,,. ...... :

......................... .. .: • . .. ..............
._== i

t• . * • * * , * . * * * * ° * * * * * . * * * . , *

4

, 0_ B'tT O" ff__" O_ 0"

1
t

6bc_ . ]

t,............ ]

00000007-TSG02



P HEATING FINAL REPORT REPORTMDCE1003 .

ANALYSIS VOLUMEII _ .IANUARY1974

OO00

I gg_l'"'g:... _'''''''_''°glg_°'''-o-oo.- ..o o...
II|ll IIIIIIIII||||||O|||I

el • • _O • O0 • COOl

..¢ I, ,,,,,,,,,,,,,,,,,,,,

N

I ! t i i i (I I I I ! i I I ¢ ! I I ! t ! !

I Z

¢1¢_o ¢1 o ¢'_ ._ ,-J o o _ o _ ¢1 o ¢11o 0 o o

u_ u_ .t

_r,mm_.,D- ¶- . " , • , • • , * . , • . . • • .I,-

,,,, ,_t 77 ...........
•r" _,a _,,I_ '_, l.ia .,u w. c_JW

I ¢ l i I f _' ! ! I $ I I I | $ $ I II I !i

,¢ _.l _%1 _,.I .,-I ..I m'_ _.1.4 .._ a ..e - ]i

" ,, o .., t

• * * * * * * * * * * • * * * * * * I * l

;° ]
_ 1
• t

: ,.5 . 'r:,:,.,_"" ....................

_, ........ _ •

65_

A4CDOIU,_ELL £:)IOLtGLA!_" A_ql"l_O_At_lrlCg; _Ot_PANV " EA | lr

00000007-TSG03



..j

P HEATING FINAL REPORT REPORTMDCE1003

i

i !

_ _ .1,

_ _tz_zlz_zzzzzzzz wns _LLLL _ ZZZZZZZZrZZZZZZZ

_||l|||l$||l|| Ill |||l |Ill |llll_||l ,_

% i********o*_**_ co* *e_* * ****o*****,*****

I III I IIII_ TT_?T°°°???TTT_ T?? ,,,, ,,,,,,,

i

_ ttlItCLSt*t**ttIIIll

652

MCDO,qfR_[L jr DO_JGLA_ ASTRORIAUTIC_ I';.OMPAItlI)"- EAST



_P HEATING FINALREPORT REPORT MDC elo03 .!
ANALYSIS VOLUME II 29 JANUARY 1974 11

1
!

_ _i_I
I_ _ ,

zz z _ =_._lzzzzzzzz
00 OW _ _0000_a_QQ ..j

$$ $I 1$li$lli$l$$

II el 15545$$lllli

,°

111|0#011||$

_ _ ....... ,

_ e_ me eeeoeoeooooo i

. _$$,$,,$$,

""~_ _

_meeee • eme_e eett *$ett

MCDOI_INELL IIOILI(;LA_ A-I_INI-.II, _il-//'lC -mi COMI_,ei/_V - EAST

._"

00000007-TSG05



_p _:;HEATING FINALREPORT REPORTMDCE1003 :_
ANALYSIS VOLUMEII 29JANUARY1974

MCDOItlAIELL DI_UGLA_ A.qTROItlAUTIC_ C'.OMPANV . __.A_?

....................................... '00000007-TSG06



r._ ....

b

s q

' I FINAL REPORT REPORTMDCE1003GAPHEATING
ANALYSIS VOLUMEII 29 JAHUARYt974

655

,1
tl4_C_F_:IL_ _(]PIJE_LA_ _lr_O_,4Crrl_:m ¢:Oft4PAl_lt_ . IrA_llr

i



_P HEATING FttAALREPORT REPORTMDCE1003 '_
ANALYSIS VOLUMEII 29 JAt4UARY1974



P HEALING FINAL REPORT REPORT MDC E1003
SIS VOLUME II 29 JANUARY 1974

.1

Q

" 4
W

I o_ = 1
• IIIIIlll! IIII;iltlll |@|@ I "i

** • ******* .]

_,,*_,,. _ *,_,,**o,,, ,,,,,,,&

i I I I '_ I I I

*'_,.._*.*e*,l_4r*q_o J)

_ t t I * " I * I I I I I t ! I l I
. . , , . , , ,

b _

• 14J l.J ,,_l _,j ; • _1 .J

Z _

,....

\ "

00000007-TSG09



.... e_8

00000007-TSG10



ill

_P HEATING FINALREPORT REPORTMDCE10O3
ANALYSIS VOLUME II 29 JAHUARY 1974

I
o

I

Z_Z ZZZ Z2 Zml _L_L_LLLL

T ,

+Pmm_++_+ ++~ --+

IIIIIIIIII lllllll_lll _llllll

.... 1_1 .........

_5_

" MI_I;O/t_/_I:'LL _'+Od14_l+ A_ ASTRORtALtTIC._J COMPANY . IA I17

O0000007-TBG11



_p FINAL REPORT RFPORTMDCElO01HEATING
_" ANALYSIS VOLUME II 29 JANUARY 1974

_I4CDON/_R'.LL OOUGI _iS AgFf_4_INAILITI_._ C'OMIPANIf ,_ EARl

00000007-TSG12



P HEATING FINAL REPORT REPOR ;mDC EI003

ANALYSIS vol.UME II 29 JANUARY 1974



,:4

'c_RSI GAP ItEAIIN(1 FINALREPaint _[P_OR[M__CE_IOo; I
,_"'" ANALYSIS V_aLUM):. :.)_.)A_ua_Y _._4

all
41

_ z_ 7s_tlrzzz_zTzzzzTn _ _ ,_r rzrTa_z2, rf_z

I),.

,,41 * I I t ! t o ! I * I ! I ! * * * I * ! i t * * I i _ t I t I t _ I i I I !

'_!,h,:,L,b''' _.''&_ '''±' .......... '.,''''''''/t,_'

.................... _,, "_;' ,, i' .... ,7'T'T?

_ m a_ c i.: mjD _im,al_ i0 we m _p IO _, _),.. 10 wO ,.O (lla _ r _. ,.Je,_ aO (ilr) I0 ,aO ,,!) ._. ,_. ,,la.i_. ,1_ ie _,) _ ,io wn i"_ .._

t%l rv _1

t t S Z I s

•., =_

4F_ i I I I I I ! t I t I I ! I t _ ! I

I

.g_ -', :_V. ..V...?.;°_..?:??2. ?'1..: ._..............

....... ; g," • ]
I

2 "'4,:Z_; " ; ' '' .... _'' ' "' ' ''_ ...... _2_

_, e,t.j t t t : f t

).

22:2; ":;........ Ti...... _ """ ";
,., ..,, 11 ; .....................................

()(',2

00000007-TSG14





RSIGAPHEATING FINALREPORT REPORTMDCE|OG3
,- ANALYSIS VOLUMett _ JANUAeY1974

3

L" _ I

z _

: _ _ff_ZZZlftttttt_t_JJt _LILLL ItfftfmllltZt_t

, _ .oo•.=.=.=- ???T? ????_TT????T?T?_ mmm_o

Ittlllilllttllllllll IIIII lllllllllllllli

...................._, "'"'"__
" _ _ _°°__°__ _ __

eeo

• _ _

_ _o,,ooooooooooo¢ooo o_ oooo

._ _ .. ... .. °. ...o.... .**

, , _ _ coo • _eeioeeeoi_6_oeege

_ |11111111t111111111t

................... O0000008-TSAO:



_p FINAL REPORT REPORTMDCE1003
HEATING

StS VOLUMEII 29 JAHUARY1974



-_RSI GAPHEATING FINALREPORT REPORTMDCE1003
ANALYSIS VOLUME II 29 JAHUARY 1974

,,: $

ZItZZZmI ZZIIIZRIm_Z LL211 II
_00 D_O00 O_QQ0000

• . _ ____
_,

"' • IIIIIIlllllllll|llll IIItlllllllllllllltl

'. _ ................... • I_I_II¶__

., OIIlllilillllllilltl Illilllllliltlllllll

- k IIIIIIIllillll lit IIIIIlllllll|lllllll

Ioo o_ ooo oo_ _oooIo

_' _ _ OI Pll Ill IlOlll

_* _ OI_OII_IIIIIIIIItlO ttttoltOl*ttllLllLil

#

e_ _ 444_4

• w _ _ $eeee*oo**eo**e*oea*

llieliilJllll ! llll
• _ IIIlll|tltilllllllll

!.

666

_i _ MCDONNELL DOUDLA_ A_RONAUTICS COMPANV. E4BT

• + .....

00000008-TSA05





k" " 668
i

! -, . * .

00000008-TSA07



• l

_ RSIGAPHEATING FINALREPORT REPORTMDCE1003
_- "' ANALYSIS VOLUME II 29 JAHUARY 1974

' N

_ ZZlS2ZfZ2ZZ ZZ_ _ZZZZIIZZ_Z_Z_ZZZ21_Z

oooo ooo 5ooo_ oooooo0 •

|JOl|J|i|lo _|l Jilll_Jl|OJ|||J|iJ|J



_RSI GAPHEATING FINALREPORT REPORTMDCE1003_ '/ ANALYSIS VOLUME II 29 JANUARY 1974._.

! d •

" W

t

" mgOOQI_O_OS_lilg_ t

t • • •

Iliillllllltilillll

it
o*

I,_ i • *******ooeeee**_eeo

.: _ TT?T_T???T °'°°,*,,??T77

: = " 2229111_I_1111_111

°°_ .... _-°° -°- i

_. _ _ .,- , * o o* * oo o ,

L,,, % O_

! -
i ,
(

i "

"' 670

_. MCDONNELL OOU_I 4_ A_TRONAUTIC_ COMPANV " EAST

, _..................... " ...IT- ......... _ _ . ................ :,............... . : ..........:-_ .....

00000008-TSA09



" 671i ,

+i .., :i...,

: _-- :--_:_ _--T -- .......... MCOONNIILL OIOUGLAB AII'rRONAUll'ic_i COIblPANV. IABT+

0(')(')0 (')(")I_R_T_ _ 'I



_yP HEATING FINAL REPORT REPORTMOCE1003
SIS VOLUMEII 29JkHUARY 1974

I
o

]_===- _ Ell=-= ==o==o[ . oo=[ _8 [_[ _[]] _][A[[R[A_
_M

II
lllllll Illl|tllll |1 Ill ll|lllllll

_ooo_

_0,0,, |, _ OO, ,,,,,,,,O,

....... | ................o t

O_IOIIIll • _II_ID I _ I O O | I e O | O I I I I |O ' ' O | I | _I _. i i t ...--.. Q. I4II__

I_1 O I I I I ! O ! I t ! e ! I O I ! O I ! ! I I ! I ! ! O

z -,,-,.,o == _-- ...._.o...,:o.=.. , _ ....... ;;; ;11;;111;;

" o _ _-"-; I.; J J-'-',;,;"" ".:_.: " " " "_'__,",-, -.... -".... ;'o_',''

. .._ ,._ _ .._ .._ ..o _ _ e_ _ _,._,_ _ _ _ _ _ _ ,

:- 1

=,,__ 672 i
?

MCDONNELL DOLIOLAI A_TIPONA#JTICS COIt_PANV . E_T

O0000008-TSA] ]



ii

.... "_J'-_ FINAL REPORT REPORTMDCE1003

_.RSI GAP HEATING 29 JANUARY 1974- ANALYSIS VOLUMEI|

N

lllll_'''ll=gll=lll===
l|li$11|l||||l|t||l

°';I" S_¢ ¢_&¢¢:I¢¢I¢ i

_1 ooo_oololol IlOIll

• ........ _J'J'*'JJ*"

oooooo• |
( N . , , , , . I 1-1 , , I I I , I , I O

# -

i ;
.= _ ??,,o, ????_??ooo??,,,

t" " °......._ ........._..... ;_° _........____'_'__":: _ ......&...."" "" ~_~_~~ _7777777

_ _ _NNNNNNNN RRRRR RRRRNN NN_NNNNN

00000008-TSA] 2



_P HEATING FINAL REPOAT REPORTMDCEIQ03
- :_ _ ANALYSIS VOLUMEII 29 JANUARY1974

°

a a •

 gg.-.----aooooooo!

tllelele¢_ tol

NN_NNN

_) °°°°gee•

=_ __ °o0=_ • . ,

||_|1||001 Ill

T;2:;_:

" °|°°°°°O|| ill

• o • • • •

) ,

° ~~__~_~_ _0_°°°_ _ ***********************
_litlilOiO

_00

2

67k

_" MCDONNELL DOUGL 4B A_TRO_AUrlC_ COMeANV . :AIT

I





;

_P HEATIHG FINAL REPORT REPORTMDCE1003
ANALYSIS VOLUME II 29 .IAI4UARY 1974

NNNNNNNNN_NN_NN_NN_OI_O_IgigOOII_I

R _ Iltllllltllllllllt!

PPPoo OOPOOPad_PPO_

_o0,**ooooooooo0*o

IOlllllllOIll|lllll

• .:L_

.. _ _==_=_=__ i1

_ _OO__O_O_

, _ _. _414_g_41444_444114

- ,._. .Do ._ .......... _4_;__;__ ...............

_ __N_ 0tttelllOlitsteteteOlOieloo i tOrt'lit
• IllOl|llll

,'*

_ 676

. MCDONNELL DOUGLAS ABTRONAILJTICS COMPANY " EAST

i "

O0000008-TSB01



677

MCDONNELL DOUGLAS ASTRONAUTICS COMPAItlV * EASlr

y

, , j
" _ + _ _ : _ + " " i i i i ii [111ii ii i lilllllliii iiiiiii+1 + "_ - +

O0000008-TSB02



I

" RSIGAPHEATING FINALREPORT REPORTMDCE1003

, ANALYSIS VOLUMEII 29 JANUARY1974

_ !

°.o°o°o-. !! o°o°°°--°-
• _ _ SSmSIR_O° 8Z _ zmlmzia_sm

• __N_ __ __N

"'"" " """ ", e;_ooe
00_0 eoeoeoe_o _ oooeeeoeee

• Illltlll _eeooooom me eeomooommo• IIItlltll II Itlll'llll

._0_0_0_

, ooeoOO00 __N_

_.......I. .. __iili

_ooooooeo • oo oooooooooo

Itll||ll _|le l0 !

_W_ _|J|||||| _ O| ||IO|O|||O
,- _. _O _ _0_

L

__ ""_::::_....

_eso..oooeoooooeo oooose_.s

: .__;_ ............

I _i, M_ONNELL _OUG_AJ AST_ONAUT#_S COMPAN_ . EAST

"' -_:_ :' : ,, : ,,_,i ..i ,_ , ,-:i:;;!__;_.:_--, ; ;: -._i_,:__:17,_,';_)_ : , ,::.:i_ :,._,:_,;,: , ;. ::::,,_: Z.),,:;i21,,: ii.-::_;_...:2 ,,-,; ...... ' ..... ::

O0000008-TSB03



_P HEATING FINAL REPORT REPORT MDC E1003
ANALYSIS VOLUME II 29 JAHUARY 1974

1 MCDONNELL DOUCILAfl AflT'RON_UTIC_I COMPANI_". EAN'r
! +

• + ........ +, . .......... _ __ + - ,5 : . . ._ + .... : / + _ _: + : +_, +

O0000008-TSB04



-- 680

I+ MCDONNELL DOLOGLA_ Ag'rRONAU1P'II_g COMPANV ,, JE'AST

O0000008-TSB05







i '

_i _ _ •

- '_P HEATING FINALREPORT REPORTMDCElO03
_._ANALYSIS VOLUMEII 29 JANUARY1974

_qqq4_t_qq B4444qq"* 444_444444_4444

- p

0000000000 O0OOOODO00000000000000000

_ee _eoeseeieeeele_l_leee$_

0_°0000000o°ooIIoo°o o_l
• II|lllIl|l $lllllllllilllil0_lO|lllJ

./

°°° '"' ""'"!ii!!i!• " 4ee$$e

''_ _ /11 |lllllll|llll|ll|tlll|||l

_? NIillllllll Illiilllllllllllltl_lllll

• " w

Z

,', _ _ _

• I ..... MCDONNELL DOUGLAS ASTRONAUTICS COMPANV. lAST



++!

mmmm

• RS!GAPHEATING FINALREPORT REPORT I_DCE1003
_.- VOLUME II 29 JANUARY 1974
-: ANALYSIS



685

" MCDONNELL DOUGLA_ ASTRONAUTICS COMPANV" IEABIr

. _=:. "- ;..:- _* :.,-_. _ ,,,:'-" : • _ ................... •

.... -- ii - -- I I I "_ " --

O0000008-TSB] 0



•, _RSI GAPHEATING ' FINALREPORT REPORTMDCElO03: ANALYSIS VOLUMEII 29 JAHUARY1974

O
a A
• •

W _
b

., L

|tlllllllllllJltltlllllll #||ltltllll|#lt

_,,,,,,,,,,,,,,,,,,,,,,,, ,,,,,,,,_,,_,

" oooooooasooooooocsooooooewe_eaewN'_Ne_NN_aed_aNedNeweweaNN_N NewNNNe_New_mONomoc_csmoooooom
_o o.oooooooo_oooooooooo °°°'0, o .0. o 0 i 0 o o _ o 0 0 _ t

qpo

. ._ ._._.__ _ _._.: ._._._"..:_.__ .:_ ._._._,__ _ _ ..... _ ..,. _,_,_..,........ .

_OP_

"" [ " "._,_ " ",_..... .: ....... "._ " " " _ "._'.:.:.:.:..I 4 "&l o4
II le

oomOlllomol• ,_ ,,,,,o,,,,,,,,,,,,,,,,,,, ,,,,,,_,,,,,o,,

_. _ _aew_ewewe_aewew_w_ewew _aewew ede_Nmewewea.= _, ,,,.,,,,, ,,.,,,,,,.., ,,.. ,,,,,,,,,,,,,o,

• II _ .,. _ _ _ I=5

lh lO It II II Im
ewe_@a I_I_ t I t l ! | I t ! t O I I II l

e _,I ! I l ! I O I I ! I I t ! $ I I I # e I l i I I I

e4 e,0.,e eli ,,4 _ e,e.el_

o,
Im

J

.:. 686

MCDONNELL DOUOLAB ASTROItlAUTIC_ COMPANY. EABT

O0000008-TSB11



::_ GAPltEATING FINALREPORT REPORTMDCE|003
:7.... "_'ANALYSIS VOLUME II 29 JANUARY 1974

'.

Q

Z
"" a

_ ooo4oooooo o_oooooooooooo_o4oOo&ooo

• I IIIllll|ll l_lllllllllllllll_lllllt|

m_o

j _ °°--

' _NNNNNNNiVNN NNNNNNNNNNNNNNNNNNNNNNNN)
_,, NIIIlllIlll IlllillllllIIlIIIIIIIIlll

/ N_ *************************

j.:
( " MCDONNELl. _OUOL_t_ ASTRONAUTICS COMPAN_ * RABT
I ,,

i ,

00000008'TSR17



_yP HEATING FI,tAL REPORT REPORTMOCE1003
SiS VOLUMEII 29 JAHJARY1974

• $

: l o•..oo.'°'°*°'l::l_:lllll:llgg:_ .•.•..•••.••••-*°°'°''''°'''°"

ooe oeo6ooo$ooo_oeooeo o_oeooeoo

OO_O440OOO40_
1|t11111|t#tlt_4#1|1|I1|1 I|_1|'111|

_I _P i_pNN IW N IW PW N N I_IN N N IV N N IM I_IN N N N N N N N N IV N i_llN N N N INN N N Id

""'""'"'"'"'"'""....k, I_ t ! ! t ! O I t I ! i I I t t J $ t I I t J
tdkl ua tj,i Id kl

WJW _kl el_l Vl 0 _1_ 0 (p I _ td

li _ e4 _ _4 _4 0 e4 e4 e4 e4 al _ e4
,It

i _ • _ • • o o • • e • o e • o •
I1_ _ e,e eqeq _l _ 1,4 e4 el d eq •

_ N _ t4 _ _NN NtVN NNSW NN_N_IMNNN N _NNNNNNh_NN_NNNN05000000000000• 4 _?_T_??9_?99TTTTg_Tg_99 oo, ,o, ,oo ,, ,,,,

J
e.4 -$

eta

! I I I ! I I ! I _ I I I t I I ! t I t t I II I I t I I ! ! I I i ! ! I t I I I

_IDQ_

e4 _,4e4 _4 e4 e,4e4 _4 _4 es_ _.v _1 _ _4 e4 _ _4 ol e4 _4 _4 e4 e4 e4

~,_ _ ; =::_°°0":'°°''°_,_==_=0".o0o.oo.0° , °° oo°_''°°":°00°°''=o_...0o_o,.°

$-6556 6& _ _ -. la) 0 r_lo el _,1 QD13¢_ ,'JO

met_ 0 0

_5 _ I i t O I i t i $ ! t I O I O I I I O i I O t I I

im

688

MCDf')NNELL DOUGLAS A_qTRONAUTICN COMPANY. E'AST

c nnnnnn _T_q t-



_ 'iI
!.

_'_ RSIGAPHEATING FINALREPORT REFORTMDCE1003
ANALYSIS VOLUMe, 29JaH,J_eY1974

r' _..

ImQII_mlm_

• , e40 eoe ee ' • ooo_

T

• eiilllelli llilli|lll_l|llill_ll|l|i

_?? ???? -°=*--lilt ll#lltt tlilll!

0_

• ...................... _ " "_I " *

_-o°_ o°oo...... . .......... ..III _lllllPtitiltlilllllll||l

• *** •

_',_,,','' _'*'_*'' ,,,,',*',°*_

;ii: = . .oo . .......ooo .o..o =i
1

_ _ _:_-,_ _:

) °

.4 ill

689

! ,

_," I', MCDONNELL DOUGLAS ASTRON#UTICS COMPRNV * EAB_
__:_

O0000008-TSB14....





I

: i

f

_P HEATING FINAL REPORT REPORT MDC E+I003 i

ANALYSIS VOLUMEII 29 JANUARY1974 i

691

_ _I1t ' MCDG,_IItI£L_- DOUGLAS A_'rRONAUTQC_I __+OMPAItlV ,, £AII7

4 _

{_l'hl'hl'h rh rh _ o -m'-c', ,,"_ ,,-_,,-,,





/'

RSI GAP HEATING FINAL REPORT REPORTMOCE1003

ANALYSIS VOLUMEil 29 JANUARY1974

.... MCDONNELL DOLIOICA_; AHTRrJltiAUTIC_I CONfPANW. RAllY

00000008-T$C04



L

I 69_

- I'" MCDONNELL DOII_LA_I ,dI_TI_OI_ALITIC_ 4_OMP, dI_tlV * EA_IT

ml•_ !

............. 000C)0008-T$CC)5





TI

°_

_RSI GAPHEATING FINALREPORT REPORT MDC E1003ANALYSIS VOLUMEII 29 JANUARY1974

_OaDOQO %_ooaaa Q_a_oQao_aaoo
• w _ w w w_ w, _4G44_q_4444_

_ OOO_ OOOOOOOO OO_O OOOO O_OOOO_OO_O

o|||| |115|1|| $l||l|li I||| J|||Ol$||||||l

#lltl #ll|llll l_llllll 1111 I|llllllllllll !

:

.| |tOO, 01|,,,,i Ilttttt_ _t, :_.,¢81llJ_,J8_. |

_JJJ ..... . ....

i % ooooo e eeeee •

_ ¢ ??¢ , "l,,,o.... _,t ,,,o|,l, o,|l tltlllll,,,ll| !

,2" _ _ " JJg_J J_JJJJ_J J__ _JJJ d_J2JJJJJ_IJ_ J
_-- _ NN_ # MNNNNNNN NN_OOM_ NNNN N/M_NNNNNNOMm N

o o

O lil$_ lll|101l Illllll| IIll tlli|lllllJlJ|

_. .... _ •
_' _ _ _r_TYTrT_TT_rTTrYTTr --- "

I:- 696

I' !ttIfCDOI_INELL DOUI_ILA_I 4_lP'ROI_AtUTIC_ eOMPAPMt t . I_1_1?"

00000008-TSC07



_P HEATING FINAL REPORT REPORTMDCE1003
SiS VOLUMEII 29JANUARY1974

Q

• J

81tZaZ m +

T gggl°. .°+._ _=I=='''*"
I1|11t tlllll II|lll

itiltl it|Ill ttttlillil_

O_

• ooe@e@ oe@

Z

.0o.0=. =0_0_ 0.0000_00.•
4 _o o** * * * o * * * * _ * * * o o o * * o *

Nil@ill It||ll I||l|t01O||

_ooe@@o eo$@eoee*e@ +-

=o°

_a

e_*o**$ ,•**_•ossse_

l|l|IO

%

,I

--_ +.. 697

MCDONNELL DOUGLAB A_TRONAUTICB COMPANY. EABY

, .- , .

................. +' ; _+_+,- _;,+....+ .... i .... 7:+....,._.....+



RSIGAPHEATING FINAL REPORT -- REPORT_DC E1003
,_. ANALYSIS VOLUMEII 29 JANUARY1974

• =o==o==_===== ===o=a=_ _== ==o=

• a= a=aoo=== o== oa _=

,, ,,,,

om _mo
• IIl|tl $1tlltlllllll I1_11111 II Ill|

*_•dl

-" ,_-"J J J J ,;• ° ®•,.. ,. ,-,. ,. ,.,. ,,............. ,J,,:,J2,J,_,_J 22 ,,:22,,:din*

_' Z _ . *. • o. * * * *** * * • ,, ** • o • o* • o * ,, * • ,,* * *

~ ,,, ,,, _'_" T_'_' "t_'_"t °'°j,,.. , , .. ,,
.ll, m .J_..4 W ..e .g' _,a _._ • ..e m 0 o 0 Je__ * m ,,._ e¢ m m'_,,4 m .e .¢' _.'J ----m_

00¢100¢l, ,*,, ******** *, ,,,,
la.114.1lU ,d t_l _ 14.1

•,d il _ • • o • • e o o••oo• • • e

,_l.. ...... DO Nl¢._ ........................................ .0..... •
-J ..J _t ml ,_1

" °";";';' .... *,*,T,*,,,***,*, ,, 0;'T,*,0 ,,*,*,,• U 0 0 I 0

%¢J T_ T * * * * * * * * * * * * * *

,, la_

' _ 698

: MCDONNELL DOIJGILJ:IS A_TROItlAUTIC_ COMI=ANIV. EAF_T

q [m 00000008-TSC09



RSIGAPHEATING FINALREPORT REPORTMDCE1003
.,- ANALYSIS VOLUMEII 29 JANUARY 1974

4_4_ 44q

" IO|| |||

DO o_ _ _ o_,, o o o o, o_o ODD o,

IIII III

o_oe eoo ooo6 -..

oooo ooo _ ooo_ go°_oooo.....,_,-,+,,, ° _,o,,,,0,,,,,,,,,,,

oooo ooo _ oooooooo
00_ 11| _Jlll|||JJ|ll|l||lJ

.. _

_ I ....... __°°_...

",i J;J;Je° _ "" ..°.°. ..... .

•"- IIIIOI411 IIIOOIIOOO

N_ ¢ _ llllllllll

eleeeoooo _ :

"/

"_:," 699

i'" ,"" MCDONNELL OOUOLAS ABTIMONAUTIC$ COMPANY . KABIPi,

OO000008-TSh i-_I--



RSI GAP HEATING FINAL REPORT REPORTMDCEIO0_

:: ANALYSIS VOLUME. )9 JANUARY1974 ::

•+ i i
•: = 4

¢.

mmlmmm mN_m_mmmmmm_ mmmmmmmmm mmm_

QO000 OOQQ_OQO0000 000000000 Oo 00Q_

t. _ lll_i IIIIIIIIIII_ I_IIIIIII II +_ml
llill llllllllilll llllllill II llll

IIIII llllllllllll IIIIIIIII I@ IIII

+ .+ + m+ + m+ ++ +++

el*lowell lice

llll. llllllll,ll 11

+m_ml mm+mmmmmmm+ _ _ItlOllll loll

. MM_A RMm_RRRRRRNN N NNNNNNNNN RR MRM_

- _I lllll llllllllllll I lllllllll IO IIII

+ +_ =:=:+ """+""+" " +++'"++" ! l_. .....+..+... . _+;===:== +m ..::

| .o-=+=.*.+.- ._,m+~._+ _= =_.+
"'JJJJ'JJJ ....... _4lJ .......

s,.. @+ mmmml+Nmm_ml 4 @NN_m.#N¢ IN

ll_ _ M#N

lO N lllll IIIIIIIIIIII I IOlllllll II IIII

.+... +_;I_+'" .° ++®+_m

._ , .+.._ ¢¢_¢°'°°¢ °+-

•0°+m¢ _l ¢m+am+lemm m 0+me m _+ " * +m

....... oo _+ .............. -------*-..----- ..................

_, ..... ,......... _- _d_ _ __4d_~~~_~__ ........
+ lllllllOllllllllOlllllllllllllllllllllll

+ - .+..+,-,+. ,.+ . .... ,+++++++++

q.

700

MCDONNELL DOUGL4B JI_TRi[tltlALITICS COMPA_,Y *.EAg]r

O0000008-TSC 11





r--

GAP HEATING FINAL REPORT REPORTMDCE1003

ANALYSIS VOLUMEII 29 JAHLIARY1974





r

P HEATING FINAl.REPORT REPORTMDCE1003

ANALYSIS VOLUMEU 29JANUARY1974

&

i "
' • 8 'i

oo=o_00

''' ??? ??? ,,,,,o*, ,***,,*,

= ='==,=== ._o=.=°=_i== _=

gl'='= $II=I°'°I °'= =_'==°°*''°° °'=I===I
IOtOll lillltlttill iill_i_lllllll._ Illiil_l

_/) N ill itt N N ltl Ill It N ill N N N III I_1N N N I%1N N N N N N N llI Ill II _ It Itl NII N ItI N I_1ItI it_o_liooo ODOOOOOOOqllOO °oo_oooqilooo o_ omooo_i
_ I I I i i I I I I I I i i I i I I I I / I t i I i I I I I i / I I I I I I I I I I

_ t_ IJ li _J UdU_4W'--* tUbb (_d tu *d ili ,*J _l IJ 4W_4 ud uJ _ _J _ d4 UJu_ uJ

II

• if il iI ill li_ el ill

%. e • 4 $ d) • _ ¢,4 ¢_ 0 0 $ o • e o $ • D = B

_ I I I I I I I I I I I I l I I i i l t t i t I t I* i $ i i I I i I O O I I I I I 1

_OOO0 I I I I I I I I I I | I I I1 I ! t I t t I I I I I I I I I
• * * ' i * Jill" =j .j_.,_,_I_/, J_om_

• # G*.=='=_ ~- =.=

"_ ;";'TI'TTTT TTTTTT_TT, ";";'T';'.................
_ i.. i,- I O i O i t I I t i O * * i t i i

e

704

MCDONNELL DOUGLA._I i A_TI_f)_JALIlrlC_ _'.OMPANY . ICA NY

. 7. -

O0000008-TsD01



RSI GAP HEATING FINAL REPORT REPORTMDCE1003

ANALYSIS VOLUMEII _ JANUARY1974

J

W

Gg_ GgGG_NNNNGG==oao_o==:"....
00000

1 |Ill $tttitlil|lll||tllltl

ooe_eeee

_ flit IIOllllillllOIIIlllll

,o

_|1111 IIIIIIlillilllitllll|

Z % ***e **eee oosee eoooeee

_? ...... "?797_¢???????T_??I I i i t I I

_'_ ,??? ,?Y?,??,????,,,,

'-- _ ee$$

"_ _ IIIlltllll

-

I MCDONNELL DOIJGLAI AITRONAUTICB COMPANV • _ABt

4

00000008-TSD02



• _RSI GAPHEATING FINALREPORT REPORTMDCE1003: ANALYSIS VOLUMEII 29 JANUARY1974

Z
m
8

..q

_Btf_t_t_fl mtt ZZZZZZZZZZZZ
m _QOQQQaQQQQQ_O_Q QQQ _0_0_000_0_ i

T
_*''**'' ,,,, ,, ,,*,*****,*_

m_mom

"" ititiJiJiitiJiJi ,i* ili*_iii_ liiO_ili_ii°

t t t t ! ! 1

Z 0 _.e,Ir *J_,4)I_. m _;_IO O_.m IO 4Dm _ 0 Oe4d'
% .0, ,0, .0, 00 , . * , , , * * * * 0*** oo * , * * * * * ** ****

!) .

77_ °°°'_* * ''_'°• i

IE oo•o_Jo o o o e') c!t•o o *'J _ ooo

q_"¢1,I_ ql'

n (L
• 4k Ik _d

_ t z t t t t • g 9 z t • • z • w * 9 w

,o,,,o ,,,o,oo ..

l " o,-

il

7_6

? •MCDONNELl- DOUfl£4_ AqTR_)I4tAI_TI( % ('()MPANV _ANT

• . ...-.
L "

O0000008-TSDO3



_P HEATING REPORTMDC
FINALREPORT E!003

ANALYSIS VOLUME II 29 JANUARY 1974

_,',',',__.'.",.o.oo ,- ",,", ,_ ._¢ o.."""=='- 0-",'+'+,',,.,+',ooo°o0o_.0,,,,,, 'P_'? ,p ,, ,,,,,,,,°,,000
1+) I_, _l li1161_ddI_ I_l IM II.I k,I lal _.l U_U I_.l_d .*t Zl,I _l,II_/ I_11tt;_J 1# Ill u-t I_141d

l I I I • • • • • • I i I t t 1141o I l

• I

. =o ooo o oo - oooo°o0 oo
• _I I I I I I l i I I l l " I I 1 4 1 l l l l l l l l I

+ +++ +
_' _'+'0='.,'. _o 0+_._ ¢ _+0 _++...... "0"='+'0.It ml Wl tel let et le) m)
0¢ ° _ 00

+-, _ I l , I , l I l l I II t l l I l I l l , l l l l l

d _.t,,t .:_ J.,,4 .: .:.. ,:, .............

=="":::::::'ooo+

i_ • ('_io_+.'_ . ,.,+_b"ll_ _I01+.,,. +1_¢+0

..+..... ." .: .... ,: ........

_'+_,_,'_,+'_,'__... • . • '_,+,+,_,+,*_"'_++""'_'_,,,...........

'-+* _ ,,,_ _ ; ,J,,tZ Z.: .,:,,:'_ .: .: Z ,.t+:J J J J _ .:_+_,__ .__.-"+,J J
I . eleq +..1+/4

I. Im
+

, 707

2

MCDOI_II_LL DOUGLAS A_I'rRoItlAUTIC._ COMPAftI)* . EASY

+i

NNAAAAA__TQ_A



t

. _RSI GAPHEATING FINALREPORT REPORTMDCEIO0_ANALYSIS VOLUME II 29 JANUARY 197._





:: _RSI GAPHEATING FINALREPORT REPORT MDCE1003• ANALYSIS VOLUMEII 29 JANUARY1974

° ° to
6 O

'%" _ P

.ltlltlOOlll_OO O lO _ EEtllllttlttlEo=lOllOllO0

Jl _B_8 lal

_0 _0o0o0ooo_0
o:: _IIIIIIII_II_I .. IIIIIII_ .°....IIItliltlllltt Ill tllltlll Illlllli|lll||

oo_ eoeoeeoooo

i llllllllllllll III IIIIIIII llllllllllllll

i

_, ,,,,,,,,,,,,,,, ,,, ???????? "=?,,,,, ,,,,,,,,

II_le_leel_l _t_ _leeoeeo eeeeeel_eo_e_l

= _ __--------....,,,,.........._..,,,_;_,--,,,,,,,,..---___...,,,

_ _ m=mo_ _ a _ o o o o o _ o _ _

- _
._. .== _ ..... _=.=o=....'''''''0"_'" ............

' i • tll _ttt • • Iiii

_" MC_ON_EI _ DOUGLA_ 4_TRO_4UFIC_ CO_PA_ _ E_Y

' TSDO...........-, _ 00000008-



_RS__IGAPHEATING FINAL REPORT REPORTMDCE|O03

" ANALYSIS VOLUMeII 29 JANUARY]974

d

_QQQD_a_

• a mmlzl•••••m•l

_oQ "':• _6g em _lme
• III II IIIIIIIIIIIIIIII

e e * _ mm_e_eNmm_ooo_

_,, _ o,,o, ooo**oooooo

MImQO OD •
III I I I I I I I I I I I I I I I I I I I I I

e_l k.OdP .. .. qll...... It_ f_ J) d_ I#t I_ f_

_ : oo- .,. oo°.°.
_ _ -

• ( _ I I I , , , , l _, , , l l , | I , '"1.9 t IM I# I_I _Jl_ ,.a_,_J'..I lu .i,I w ,,d _I,IW ,,_,l",_d_d ',,li _,i,IlaJ

.d _t tM M *l_ t_l _ "add "d Vil ._ _l l_. *d. .IJ "_ Id la,lld

41 _ 0 0 O *

_ • _1 o _ •

,,,J L _1%1 ap ,ll' _ _l' aP al' ,1' .!' 9 _P f/ .IP' 9 _ .ll' .ql'
'*1 41

I'

'2 •

_. 711

" :_" --- MCDONNELL OCILICILAS ASTRONAUTICS COMPANV . EAftY

O00000NR-T._n_



RSI GAPHEATING FINALREPORT REPORTMDCE1003
" ANALYSIS VOLUMEII 29 JANUARY1974
%,.

-

=ZZZZZ=ZZ==ZZ= Zm==l f&LLLL ===Z=Z=Z==Z
_O0_O000_q_ QO_OQ %D_DDD 00DO_O_DO

===================== ====.zz=== =z=.z.zzz==

"" _ °°_ o * * o o o o o o o o o o o o o o* o o o * * *,_ o o o

_0_

.i

0000

tl _= IIIIIIIII IIIII

. °°°°o°.°==°°=o.®**°° ;J=J_;_=J

% •••oooeeo•eeeeeooeee oeoeeooe• oooeooeoee*

= "= _ 3'''''*'*'''*'''***' _?_?_? ''*,_'''_*'_

• * cecile=

" _ • 0_ _JJJJJ_J_JJ'JJJJJJJ dJCJdJJJ¢ ZJjZ4Z_JZZ_

_ttt

I_, _ _ _ IIllOlllqlllllltllll

712

t

_l{ " MCDONNELL 00U113£_ A_TI_OItI_UTlt_S I_OMPANY - E Jt=_T
7

- 00000008-TSD09



t

jr"-_
_R_i GAPHEATING FINALREPORT REPORTMDCE1003

ANALYSIS VOLUMEil 29 JANUARY1974

:. 713 _

MCDONNELL DOUGLAS A_-rrRONAUTIC_J COMPANV. IAIlY

• + +++. ,: . . • ,+ . + . _ . +

O0000008-TSDIO +



m

., R_IGAPHEATING FINAL REPORT REPORTMDCElOn3
_ _ANALYSIS VOLUMEII 29 JAHUARY1974

_' r

1

_:._ i

e R

O lllOllll| glg_llOIOlllO

ooeo_oeoeo

F

:°.

oo*o .oo **e_o_.o.

_ ....... J_JJJ ......................

:, . .= _ -??°00°°_77°?°, ,,_ °°??,,,,,* I * ° ** * * * _ o °*° _ * * * * ° *

N _ _¢eeeleeeeee_l_

_O
o_ 5m o

_JN N

I Illiill loll l il

,_" _=_.

.... _ ........... " _ _''''''l? ................" " :"...... ......... ____ €___ _ _

£

2

i •

" - 71g

[ ::_ MCDONNELL DOUOLA_ A_TRONAUTICR COMPANY. IAIT

O0000008-TSDll



,T

_;_ P HEATING FINALREPORT REPORT,n MDCE1003"" VOLUMEII 2, JAHUARY1774
• _ ANALYSIS

! •

i:
oooo ooo . oa.___-------__lllAIgZ

.," zz .z zz=szz__

m_o ...-;

I , i , , i i , S i ' ' ' ' ' t . I i . I ]

o_oooooooooo_"' _lllll ill ill|iilitt#l

k_

• eee eee ee$

_ Z

,,,T TTT T''T "°''''''"

lill ill ll|lii|l|tl|_
_ooo _om _ooommm

• $ o •

.,
_ ee

m

..... . .... o_...o.°°,'_. : _9_ _ . ...........

I.

" _ " MCDONNELL UOUOLA_ ASTMONAUTICS COMPANV " EAST

00000008-TSD]2



FINAL REPORT REPORTMDCE1003
_--_iR_+tr:4P HEATING 29 JANUARY 1974

3+-"ANALYSIS VOLUMEII

I
@ @

- j JP

||l//It|/|l|Itt| I1| l|||||| | II|lltt|tttll

" _'"::'"_::::'"°°° -° ::: "':"'_o-°--- : "'_777_7_?_?_
ooeeee eee eeooeee • • •

% little• • Ill•llll•llol

,,,,,,,,o,,,,, °,, ,,,,,,, o ,,,,--,;-,,,,-
P%

_ _ ,,,,,,,,,,,,,,,, ,,, ,,,,,,_ ,_ '''''''°'''''

It

. , .... ++++°+++++++++++++=+++ ++°...... ,.,.

,_+_-:+=- ++._._+++,++,o,_.++++ oo+++++ - +_,.. +
_ + ........... ++ =o ...........

• lllllllllll Ill

. .++ 1 ;;;_ ...... +M

Z

+" M C D O Itl I_ IE L L D O U 4_iL I., R A .R T IR O ltl A U I_ I C -_ C tDIM P ll ltl t_ " I_ A .q lr

00000008-TSD13



HEATING FINAL REPORT REPORTMDCelO03
_" _ ANALYSIS VOLUMEII _ JANUARY1974 .

• " I

@
1 IlIlll oil IllttillIlIlOIItl!

Nm_

'_,_ _ _tIOOO eel

00,,0, i,, ,,,,,,,,,,,I,O,,,,

_ eee*e_ _e4

_lOtlOII Ill IOeetttltiOeliittt

_*oooeoeeeeoo_eoeo

n

. _????? :?? _°?°°_,,,,,,,,,,,,,,,,

_tittOl Oil ItOllelttleleltOll

_ot00eo ooe

.. . _ ...... o°_ .... o0ooooooo.oooo

. •_ _ a_mm_4 kkkkkkkkke_e_mee_P

! .

I_ 717

_ ". MCDONNELL DOUGLA_ ANTRO_A_YI_S COMPANY * _OT

. "._ .... -_'-.-:- . - ..

--_t".::_ _::,.-' /_

00000008-TS6'14 .......



". 718

/,

O0000008-TSE01



: _ FINAL REPORT REPORTMDCE1003_. P HEATING
:_ 7 ANALYSIS VOLUMEII 29 JANUARY1974
J

I

:'" _ zzz zz | z 2Zl 18I ZS2122Z
. _00 aa • 0 _QaaaQoa6a.6

IZI_311tBX

= .... = "''====" .....

_ 008 _ _ 8_0000000000

• ,,o ,, _ ?????T??T????

II IIIiill

¢ === "" = _''_''*'_P''"
. _ eel

_,,,, ??TT?T??????? :..

_JJ_ .o _ ° .......

tll II I t!11111111ttl

_111 tl / ItllttlltllJl

1 NtOO tt I lltlltlOlllll

! i I I

! I i I

_ o • •_-~_ d_ I ;;11;;I;11JJI

1 1
'i

"" i

'" MCDONNELL DOUGLAB ASTRONAUTICS COMPA_V. EAI_

.... _; ................................... ; ................ • .................... _. ...........................................

O0000008-TSE02



,.,L  EPORTMOCE003.. " _ ANALYSIS VOLUME II 29 JANUARY 1974

(_: " 720

MCDON_IELL DUUGLA_ ASTRONAUTICS _OMPANV,* _AFIlr

1

• i - _ ...... ,.,,,.,, ....... __,__ __

O0000008-TSE03



: _RSI GAPHEATING FINALREPORT REPORTMD¢E1003•_ ANALYSIS VOLUMEII 29 JANUARY1974

¢

$

I
N

_ _ Z_ZZIZ8

1
I O0 _ _00.*000000

. I, ttililill$1l_w

• ,, ,,l ,,lioiililoi/

_ • • _ •

• _ _?? _?? '''''5'''i'''

. "_ _J; JJJdl_JJJJ_

o_ o_
' -- N i i I i I t t o i i . i i , I a i a

I ill llll lllli i i'il_i Ill

Z_ *'"

I III t_i_lwiil lt_

_'" _4_ .............
• " _

I "

721

f. MCDONNELL DOUGLA_ A_TROItlAUTIC_ COMPANV * BA_B_

-_':__ -- " "_ _ " . i_.- :-. _:" " .. ; ' : ' _:.T_. "-_7 _'_" .... .... -__ _ _ "_ __ _ ;_ --



_yp FINAL REPORT REPORTMDCEtO03
HEATING

SIS VOLU_-" II 29 JAHUARY1974

mm_m

722

MCDONNELL DOUGLA.q A_II"RONAU'rlcs COMPANY. EArl"

....... _.,F-r------,_ ,...................__._ _.'_. "_,,_-,_,_,,.,_
....................::....................../__, ,,_



_P HEATING FINAL REPORT REPORT MDC E1003
;: _ ANALYSIS VOLUME II 29 JANUARY 1974

0,

0
O

aaQ ooa aa oaa_a_a xxx_sxxoQaa_ao

_S08 8_ 818
• •OO0 omm O ol I•o_o•_m•ooooo
4 lilt 1tl I 11 Ittllllll||Pl|

IIII It| I II |||OI|I|OI||I

.o°°

e • • • I $ o

% I • m I • e • • • • oil IlO i I e 0_ go om

N I I I I / I I l l l t t t t t I I I I I ¢ I I I

NOR_P_qUD _0_ • NN_

, .- _ .... oo,,o•o _°o.:,o.°o
$ i////po /iooI i I

,, _ o Q l • • m o m e # • $ e • m

_ ,".... 9_. .... ........

t

Tj

_J '" t" MCDONNELL DOUOL4B A_-S1PRONAUTIC_I COMPANY. EABIP i

00000008-TSE06



_ RSIGAPHEATING FINALREPORT REPORTMDCE]O03

ANALYSIS VOLUMEII 29 JANUARY1974

.t = 4
i "

0°° _QQQaQaQQOq °aaQOOQaQQO

ZlZtSZZ 88 ZZZ ZZ

i ®oo= "'°''''°'° ?? ,o,,,,, o,,D,,,_,,,_,,,,_llllllOlOIlllll

Illillilltiltil Ol lillill lglllll I l° ° I t



I_P HEATING FINALREPORT REPORTMDCelO03 "--"VOLUMEn _ JANUARY1974
_--:._ ANALYSIS

-- ::: :

I

d

oo . o° ° ooooooo°oQoo

( II° II l°l°llllllll

l _I IIIil





F

-_P"-'_H_ilGA HEATING FINALREPORT REPORTMDCE1003
ANALYSIS VOLUMEn, 29 JAHUARY 1974

O
$

0
d

oo[[oooaoa_
_ZZ 18ZZSZm

. ,$ . ''||liili|'|

_ , ,,,,,,,,,,,,

_|ll Ililllllllil

• oo •

m _ll IIIIlililll

_li _ I|liil|i|||l

ooo oooogg

0 "'i

_ _ .

• NO** i

" 1

4

_" 727

::.

MCDONNELL DOUGLAS A_TRONAUTICS COMPANV - EABlr.':.

o

O0000008-TSE 10



_: _RSI GAPHEATING FINALREPORT REPORTMDCe]oo3ANALYSIS VOLUMEII 29 JAHUARY1974

f i

_........... _!!__ -------.....• 0=0 °°= I t=°QQ_ _oaoooo

818 n_ _lI 8811al ZZ I&_l

_llllllllllllll Ill IIllllll Iltlllllllllil

• illlilll_lltttt ttt IlillIll IIIltllllllill

!!!!!ii!!!!!!iii!! " '"°
oo

',_" * _ 21

IIIIIIII I

_:;

-_ _ ?_??_??_?®°_??,,, TT? ,,,,,,,, ,,,,,,,, ,,

i • it t • •

=

eeoc oeo

• * i * **** ** l

_NNNNN_NN_N_NN_M lillllllllllllllll I IIIii ""
I _ i Illlllllllltllllllll

,.

i 1 .'{

!

i

!... 728
i,

t _ MCDONNELL O0_GLAB AgTRONAUTICH COMPAN_. EABY
I

O0000008-TSEll



__AP HEATING FINALREPORT REPORTMD¢e1003
ANALYSIS VOLUMEli 29..IkHUARY1974

I

0

= l

ed

" "'_ _ _"__

729

:_ MCDONNELL DOUGLAg AS'rRONAUTICg COMPANY. KAlIY

._ _ _ _ -_ .... , _ --- .... _ _ .......... _.... _'_ _*:...... _........ T ._'_-'._... *_--'_,_L.

r:::.(t........................' J P l ......_. '. _.........: . - :....... ;-TTN.;, '.'.L_J.,

O0000008-TS E12



::. _RSI GAPHEATING FINALREPORT REPORTMDCE1003ANALYSIS VOLUMEIt 29 JANUARY1974

_ J
O

llllllii
_NRRNNNNNNN °_ _RNORO R_R_#_NRRNNN

:" ==I¢Iio*o=I¢I¢I°.= _'*.°° °=°'=''*°==..= °=_°=.°**_'_*°I_I¢=II

_ON_

• ...... JIJ ......................... JJ_J'"

' e'il._ _..... __. _ ,,_,,,_ o,,,,,,,,,,,,,.

k_ N lillilllllllil°

_N

:" _m m&

J

5, _ " .... ,.,oo ._ ..... l;jljj;;j_j_*,, _.=0 *_-_'--....... "=0 1

-_' _,_o_=._._._.._ _.._;o._J__2_ __ _-

- 73o

.,o

MCD(IItlItlELI.. DOUGLAS ASTRONAUTICS COMPANY . £ABT

OOOOOOO8-TSE] :3



_ F_SIGAPHEATING FINALREPORT REPORT MDC E iQ03
,i Y ANALYSIS VOLUMEII 29 JANUARY1974

,o

_ N_ N

• " _ RZJJ ZZ, .o o===Zo_ZZ

"'° "_" 2 gI¢_¢:I:I_II:I::I

' Z_ _ ,It ,_ ,iiiltilil,ililil

" _ZCJZ JJJ • ,,.**-* * o_-,------

_" _ 1 "_._'.,_'''''*'_'" _dg_.'lJ_JJlg_J

Ii' MCDOnnELl. DOUGLA_ ASTRONAUTICS COMPANk . EABT

m _

..........................................

k_

O0000008-TSE14



_t tt61111111111111111/ lilt It

_ IIIIIIIIIIIllllllltl IlJlllllll II Ill|

=
• _ I 0_ OlOOlliililllOllllil

_ ._ • _ • • .



17

_P HEATING FINAL REPORT REPORTMDCE1003
_" ANALYSIS VOLUMEI! 29 JANUARY1974

N

N

_ _ ZZZZZIZZZZZZ_Z _ZSZZ_ZZZZZZZZZ2mZll

OQO_O_O_OO %_QQ_OOQQ_QaQ_QQQOOQ

° ttltttttlllltl IIIIIIlllilllltltttl

Ill,Ill II IlOlll_llllllllll

*e_eleeeeeeoel • eeo_e eoeoeeeooooooe

733

. MCDONItlJ_LL DOUGL,4_I 4_ITROItlAUTIC_ COMPANV" EAIIT"

00000008 TSF02



I





_P HEATING FINAL REPORT REPORT MDC E1003
3+_ ANALYSIS VOLUMEII 29 JAHUARY 1974

, i

_OOZZZZ ZZZ QOQooaaa

OIOOO_
( IIIIIIIIIit111111111 IIIIIIIII III15111111

o_oooo_oooooo_ooooo _oo_ooo ooooooooooo

. .o.°..° o...oo°., o° ......o
I_.I I ! I I I I I I I I I ! I I I I II I I I I I 114 I ll_,lIi_ I $ I I I I I I I I !IPl I1,.I_l '_ 'a.I_ u_tI,el_ LJ IIJ Ila Ild '_JbJ Ii_ Ill IddIla III Idd_"_t18 II.I _ I1.111_._1 II_ II.I I,la I,_i161'_JIII III _ _111,lltll

_ _o2 _;#.p,.$=_ $ __ _ _ _,2_ I,,, ,,+,,, ..,o,,,,,,o. _,. o ,,,-, -,-, ,+,.,-,+,. 0,-,°+o +,++...0,.o ,_.-.:.p::.:._::,_:
_ 0 °000000 II 000 I00000000 00000000000

• I _I .tA .,,i LIA_I ,.I,Il,_d_l

,., . .,,., +.._+++,_+:,_+++,+,,+,,.,,+,,,,+,+,+,,,,_+,.,,,,+,_,

+ '-'" ' "°_'+'_''° .... _ + + "_""' ?7?7"PP+?Ph_.l I%1 I I I I I
O_ _k _II_ I£ + '_II I , l l l l l , ,_ l l ,+ I ! '+1,+l ,.O.IIiI I I l l.,,,,.,, ,,, .'." L, ,,+ .,.,,,, ,, ,i._i.+I i_ ,IA _I _iI i.i.Iud

_, _ 0 _ • I_P_.i.I f_ ,_ +

q

-'+°+' +- +++++:'-+++""+i
...................... ._- ,;,_,_ - g,_ _ g,_- ._,_;" _._" _

_-,',',',',',',',',11_ o o 1.1_im _ o o o o ,,.J_o o ooo _ _ o GI _".'.'.'.'.'.'.'.ID..-D_

_ _ ,

.... +:. ; ,+,+:m +._-,'+:-+m,_'-.,+'; + m mI,.3 o I + • _. i • • • • o +I • I o • e • • I i • • •

_ I I I I I I I I I I I I I I I I I I I I

Imlml

im

736

_J_O_Li_ DOUOLR_ A_TROFtlAUTIIC_ COMPAFtlY. _AB1T

O0000008-TSF05



T

['-:_ RS, GAP HEATING FINAL REPORT REPORTMDCElO03
" _ ANALYSIS VOLUMEII 29 JANUARY1974

%."
I

•
m

t

i I *

,,,, ?T?_ ,,,,,,_,,,,**,,,,,

e,/)o _ _ o o ¢1 o o*oo _¢_ oe4, o

_ I I i i i I i i _#/ I i_JkJ I I i i i ° i t i * i I i ° | | | |

e "J e I0

"': :_ ._ ..I..:................ .., .:-:dd..:-: .....

'°° ?? "°° 7?': .... = °_._- _ _ I t I i I i I i i I | *

q[ I e'J "_ -_ 0 "_ ?J 0 _'_ 000 ¢SOOOQO

" "; "-:,:2" ,,1.1; ...................

. =IU • •

e _e_: _'_ ..,.o'_..... , ........'_
z

s.f i,_* .r9 s,_

• iDOiD iDOll I

" 737

!.

l'
"--" MCDO_IltlEL.L DOUGLA_ ASTRONAUTICS COllfPAI_IV. EABT

O0000008-TSF06



RSIGAPHEATING FINAL REPORT REPORT MDC E1003 ,,,--,m

• ANALYSIS VOLUME II 29 JANUARY 1974

v

_ •

_szzzi zzzzzzzzl _LLL_L_L_LZZZZZZ_ZZZ

||l$itli$O|lliOelt4O llt:lililllllt|OiO|i

l_lilll|_llllllllill lltlllillOll$iltlO|l

. .,-T

* _! -........._-_-_.L._:-....7-_...... _- _ _ .... _ ................

' ,, - ..... "7-...................-_......... =:_'_'_- " ........ _ - : ": " " ,_ --_]I

O0000onR-T.  n7.....



t--

"_RSI GAPH£ATINL_ FINAL REPORT REPORTMDCElO03
_'" ANALYSIS VOLUMEII 29 JANUARYt974

._. ¢=: ..~ _... ®o°..

_ZZ_-:2_ZZZZ4g_g4 :::::::::::::::::::: ,:

_" _ ¢............... .. _._.

_,' 739
m

MCDONNELL DOILIGLA_ A_iTI_O#I_AI_TI_i_ _O,q_I_A_lY ,, _4_'lr

O0000008-TSFO8



: RSIGAP HEATING FINALREPORT REPORT MDCE1C
: VOLUME fl 29 JANUARY I c,
,, ANALYSIS



_P HEATING FINAL REPORT REPORTMPC E1003
SIS VOLUMEIt 29 JANUARY1974

....... i

8
o

2
N

zzzzzz zzz _z zzzzzzzzzzzzzzzzzz

OQO_Q QO_ _0 Q_QQOQO_QQOOaOO0 "

o I o o ot o o t _ otto o to o o o O _ o o o o I o

_+_ _ _ ,,,,,,0_,,0_,,,,,,

a i_1_a _ oa
_o , , ° o o. o o o

I+,1I+,1I,I1 I,+kl_ 1,1,1I+d_ _ _I,I,,I,I,,_J+,_,l,1,1,+,,_I,I,II,U thl ,,il I,I,I1,11I+,I_ I,+1I1,'_I,III1

e,,i

Ikl _I_wJ _ lWJO 4P I_1.I' .11 ,.,I _I O _I +.'I_.I '_ O _+ O .II'(I'_ _I '3_mt I_ 4_ 41'N

z % o • e • o • o • • • o e o • • • e o • • • • o • • • o •

o¢

',t,?????? ??'P , °°°.°0°.,,, 0,0°,,,I I I I I l

+ ..0++..+..-+,+,.,,+,,,,-+..++..._ +'++_++"+'+'++++++_-+.+++..°+++.+.

'_???PP? ??? , ....,, , , +_ ..
• ,,,,+No _.°,0 .,._+,_._,_,+,,,--~,,,,,,,,._g

• + • ,

•o _+ (%1lq .-_l ,0 w_l ,-_ ,-.I .I,+ o.+.+++..+.+.+. + +....+.,,..+;_...++...+..,
+, ;_=:,-,",", :_,z,_ -+ _+..g.++_.+_,+,0-o+,0,+++o+o_,.ooooo,,oi-. _:Ioo

z
l,q
,.,i

MCDONNELL DOU(JLAg ASTRONAUTICS COMPAItlV. EABT

.... O0000008-TS F10





• ?

_P HEATING FINAL REPORT REPORTMDCE]O03
ANALYSIS VOLUMEII 29 JANUARY1974

.._,)?_'?? -°? -,, ¢ +--'-===¢-'--0*"+"==00°I I I l I I I I I I I I I I @ I I l

" J +._.: .:o_ ..... ,_ J J,;,,:._J,_J ._J J o_otlID ID ID _+ID

= ¢

Z _ • i i I I I o ,i i I • • ! o ! • I • o e 410000

..+ +' , , ,,?_'??,.,,_ .+'?_._ E I+,1.*,11.1:.11L+.I41J ,_J+,*.1 uJ _al14,11_1_I.I *,*J+.Ml*J '_ I_.1 _1

ID I*,. .It 14_ oo,J_ ¢P i_ P) 41*wl_ID

_*??_'?_' ._J_k +,_'* _' *''***''*',* m ++*J*U

+,. ,. ++

-+ +.++.+++++.. +.+..+.+

,.. _=+°°°_=_,_o,_o , _ -' " " _ _ 0+1 _ +'," °I,.+.+,,,....+ ,=,.., ,.+,,.+_.... I°oo0o0 '_
141 • / i iii • O I / I i l+ O • I O 4) O 0 • •

• _1 II'l ,_ I_1 hi +,1_1 +..I ¢1 o o o o .:'.'Jm o +-J

•, - +.+.o.+.=_ .. +.• .. <,. ; .... _+.,o,_ ;.ea, _11,1 +

i



'_-----_--'_'_lr.Ap HEATING FINAL REPORT REPORT MDC ElO03

.... [ ":'""'""_ ANALYSIS VOLUME II _9 JANUARY 1974

a
• • #

= =

' ! _"_g''g'''Ag°°_° =°° °°'' ._=_=_°=_"" "*'" _°°°°''"''"''_o°°°°°
• ___ _ __ ___

IlltlIltlllIIII IO IIOIIIttt IIIttlIlllllll

IltOiOIIllllllO II •

°°OIl °OIIOIIIg

2 _ ,,,.,,,,TT_TT?T TT ?°''T??T_,., ,,,,,,,,,,,,,,

" =_ III_I _II_II_ _I II_ _'_.,. *.. __'_*_*..*.*...

o;llllillil_ll II lllllll_l llllllllllllll

':: _ _ _,,,o?T?T_°°'T_,,,, ?_ ?T??TT °=°,,, _T,,,,,,,,,,,,---------_--

"" _ _; ?_°=°°??_?'°_°T 77 TT?_???_ "=°°°T? °_°°°°=_ N Jill llil IIIII Illltll

.° ...

: ="" "

_ iloItttttl*l$.ililll

1
i '

i '° 74g

' MCDONNELL DOUGLA_ A_TRONAUTI_ COMPANV- E4_I

---_'.r _, _-_ =:--- " I_-- -- I IIIIIII I " ..... "........... li1'-- " '" ....

O0000008-TSF13



: r_RSI GAP HEATING FIHAL REPORT REPORTMDCETOO3
; ._'" "'IALY$1S VOLUMEII 29 JANUARY1974

" 1
O

_'° _

.... _;_ _ _; _;7_;;_;;

' g!

E ........

i. IlOI Ill IIllt Illllllllll

.... _ ................

_NNNN NNN NNNNN NNNNNI_NNNNN

• O l l O l l l 0

% • o • o • • i e • • • e • o • • • • e • • • •

_0_,_
I 0 I l l l I 0 l l 0 l ° l I l l 0 I I 0 0 I

r_ I $ l l I l l I ° t I l l I l l

.:-:-I _ ........ ,,,e.. 1 .....'" _4.4.4,,t1%1

e- l_.•

M

0 zig Ig.Ire, Ire, p,.

1 "
I
2 745

_2

!.
( _- MCDONNELL DOUGLA_ A_'rRONAUTICS COMPANt". EASlr

i."

O0000008-TSF14



_yP HEATING FINAL REPORT REPORTMDCEtOO3
SIS VOLUMEII _ JAHUARYt974

I'

w _
_ N

• _ _

Z_ZZZ_Z_ZZZtZZJ

l||l_tOl|lll_|||l||

-i

_! _o_4tttlOttO

E _ - ::j

- i

oo_o_ooooooo_ooooo

._=g

O_ _
%

_ asssa

......... '""" " 7777_Tf777777777_7_7??Ti_fTttT??T7377 ,_i

0

". 7_o

MCDONNffJ.L DO_GLA_ A_TRO_AUrtCS COMPANV. EABT

b

,. _:_, : . . . ": ..... _ t_.,_, ._ _u. ..............

00000008-TSG01



.,.. 7z,7

/l '

:_ *, MCDORINEI/.L DOUGLAS ASTRONAUTICS c(rJ)MPAltlV " EABT

00000008-TSG02



_P HEATING FINAL REPORT REPORT MDC E1003
ANALYSIS VOLUME II 29 JAHUARY t974



+..+

749

l IMfCDONNELL DOUGLAS AIITRONAUT!___ 4_.'OI_IPANY . J_A_I'I"

L ,,

++ _ , , ++ _.

00000008-TBG04



'_'_RSI GAPHEATING FINALREPORT REPORTMDCE1003
ANALYSIS VOLUME II 29 JANUARY 1974

I

4 m

i i....=...=, t _• .o°_=o=°°=0 .

_Qm _mIR_
I,Illl,ll, If'

NN Ol_

Ill

_m

00_00 0000 _0

li|lillil| _ll

*oeoeeeooo o_

OOJOIOO|O| O|J

_JJl|J||l|

• ** **_

.................................... gg''i;_''g;_'_'_''/'"

, ,._'_7_ __°'°°_ "'"";__'" _°': '_
Illlllllll

2 _ _ ..........._-._*_. * • •

75O

MC£_OAtAt£LL DOUtJLJii_ A_TRON4UTIC5 COMPANY. EAllT

_F_;_..:_:.:_,_,_._-L. ;_"_'_._--'",,,.____ .... _. _ ..,,_......... , ., .... , ........ _ ......... L ' 1/':* ':'--_: ': .................................................. " J

00000008-TSG05



?

.o

_ RSIGAPHEATING FINALREPORT R EPOET MDCEIO(Y]
:" /" ANALYSIS VOLUMEI| 29JANUARYIV],1

+-

• . •

+ _ • .

.: N==== === _ .--= ...... == ==_==== ......

• _TTTT'++++ "+*-'- _ ""'"'"'" °+:_+_+'+_

• . _ .... _ .. _-

33,,o ,o, I I I

_ .++ ++..+.:,::.++..+-+-++o+++..... _:... +=+=+o-.+.... + .....

751

MI_?DORINELL DOUGLAE A_TRONAUTIC_ C'OIt_Pd/_/I," - EAHF

+t" +_..+.. ,._
+

00000008-TSG06





T

...,11"-2 .,
- ,'_ RSIGAP }1.rATING FINALREPORT REPORTMDCEIO03

ANALYSIS VOLUME II 29 JANUARY 1914

:'" 8 ,

Q t

:5

,II M_ dP IP • ,0 IP ,IP ,# d" I,P4'

t I I t | t ! ! t $

• • • • o • •

I f | ! | O # I # I # I I

I t I e I l t ! I I .
_J dvJ

,,_,,, ,_,, , , ,

,i,

t O _ I I _ J I ! I I I O

_- • • • • • see • o • • •

I I I I I O t t t t

?.... 753

MCDONNELL I_OUGLA_I A.';?RONAUYFG'._ (?l_)MP41tlY." . £4_Y

L

__,m,_- [ - . _ _ . _ , .,_

NNNNNNN__T__n_





_RSI GAP HEATING FINAL REPORT REPORTMDCE|O03
" ANALYSIS VOLtIME II 29 JANUARY 1974 i_

W

• i

• IIIItllllllllllllll

" !_llllllllitllllllll

:i

_1 IlliOIIIIIIIIl_ltll

Z

= .= _ ,, Y °,,, ,,,, ,....... ,

ll&lllllllllllll

e_

illlll **_0

• . .... .._ ......_":__°°_:_::: _
-_% _ _ liilOOOllO

; • .._¢ .............. __ ....
N_NNNNNNNN __ _ _NNNNNNN _NNMNNNNN

755

MCDONNELL DOUGLAS! ASTRONAUTIC-_i I_OMPANV - _A_T

00000008-TSG10



i i
I

::

i:i RSI GAP HEATING FINAL REPORT REPORTMDCE|O03ANALYSIS VOLUME II 29 JANUARY 1974
I

756

" _,|COONNELL DOUGLAf_ ASTRONAUTICS COMPANY" EAIIT

i i' r' IIm

O0000008-TSG 11



_+RSIGAPHEATING FINALREPORT REPORTMPC Et003
I" ANALYSIS VOLUME II 29 JAHUARY 1974

8

$

8

+++++ +++ IIIIIIIIII|II IIII

75/

MCi_IONIt/ELL OOUGLA_I ASTRONAUTICS COMPA&IV . EAST

(



i

" _P HEATING FINAL REPORT REPORTMDCE1003
" _ ANALYSIS VOLUMEII 29 JANUARY1974



_- F_ RSIGAPHEATIIqG FINALREPORT REPORTMDCE1003

........._Y ANALYSIS ............................................ VOLUME II 29 JANUARY 19J4

. 1 =

?T?TTTT? "=it it

759

• MCDi_ItlItlELL DO{IGLA_I A_ilrROl_ALa_rli_._i COMP4NIY_ ir4ilr



)

A

:'" " _ ,_"-,'_J_. _ FINAL REPORT REPORTMDCEI003 i
'_RSI GAPHEATINGANALYSIS VOLUMEII 29 JAHUARY1974 !

I •
$

d _

LL _ ===_=_i== i ====== ===aA:==_S _ll| - ===.o=_,=== . _o°°=°loo° = =
"'-- =.zl =.=..=I'._ _ ......=====i...=.=.''''''"

?? i... _ ????????_?? .-?-.?.-..**.--,* ,,,, ,, ,, *,,,,,,

oeoo _ oeoooeoeeeo eooooeo

lilt ilii ilillllili/ ililitililtl|

e e e _

NN_ _NNN --N_N _NN

ii$i ,l,I l_,ii_illiil _... _ _o,,********,

K

?? °°°° •,,,i - _,,*,*,,,,*, ?????? • !

,,, _,,,.,,,,o,, ,,,???????
• * _ _ _ _,_,_-_u_ _w,_,_

.... _J_ " ................. ......_.

.1

_sOoeoeeee$1 • • e$

f??77777???T °=° . "'_ f???77777 JJ°JJ=g=J_=_Jggill N_NNNN_NNNNN_N_

760

, \

i _ r MCDOIMItlELL DOUI_LAB ABTROItlAUI'ICS COMPA_tIV • £AIlY

00000009



RSI GAP HEATING FINAL REPORT REPORTMDCE1003

ANALYSIS VOLUME II 29 J._NUARY 197,1

Ill
• ,I,

ml

,8

J

'i 'Z _,_.¢__¢_'t.t._,'t.¢¢__t.-'-'..',.•,.
p,

..... i'M "_, (P '_'1'.,qP_'L .,< ¢_ _1 _,,I .11"RI 41"!",,. Ill

,_,,I"It M _1 .ll.,.ll,. *_.G,,0 ._ ¢1, N. (}'_Ig, _ ,,.I).,,.I}I_'..([_' I

1

,.;,.;.;,_.:,_.; .:J J-" J J J J J.:.:

c_c}ao_ _ _ _ _1 _ c_ cl e-_ Im
' _ t i i I I i i i i I i i i I

Oo y
.,,=, _ 77°°°, .......... ?TI I I I I I # I I I I ! I

oo., f_

"IE wt., ,._t.,J,,i_,J._ ,,.i .i.I ,.J ,J _,_t,J IJ ,._ ,i,J

• a • •

',ILL' t i

• • • • • • • • • • • • • • • • • • • • • • •

_ N t_a
• ._ I I I I I I I I I I

. . _ ...................

I,
761 I

, NfCDO.'rt_NELL DOUGI.A._J A__i,lrROItlAILl_ FIC__ COMP/llltl V ,, E-A ..qr

I.: 0

.....'....... -" _"...... :: _ ..... _...."'"--" -_" ": ......... 00000009-TSA03



_yP HEATING FINAL REPORT REPORTMDCE1003
SiS VOLUMEII 29JANUARY1974

a_o ooo
IIliJiliJi ill

.......... ::_ 4

*ooooeoeoe • _:_

' i_2 ]
**eoeeeee*

e • o • • • • e • o

• • • _e

• . _ _ _ ...............................
llOtllllll

NNNN_ _ NNNNNNN@.JJN°°OSI°"NN lUOlt_l= M_NNtV

762

MCDONNELL DOUGLA_ ASTRONAUTIC_ COIt4PANY . EArlY

00000009-TSA04







-_RSI GAP HEATING FINAL REPORT REPORT MDC ;-1003
"" ANALYSIS VOLUMEII 29 JANUARY1.974

• {

| g.zz=zzaazz I _o- "!

Illll@ill| Ill

'''**''*'* ._

Seeeeooeee *.0

o o o o o o o o o o _* * i_

e.e eq eq _ _ e.@ _.0 eq ee e.@ Wee *w

| @ t t t @ I t I _ _ t

,,,,,,,,,, ,,,

• • • • * * * * • • * * *

,,o _ _,_ :; .........
• "l_';;'J;J .................... .l'Jg; ......................

_:,:._:-:_/;:_,'_ ,: _ _ .........7 _,?_,,?,_,,_~~_?,/,,_P,g_?,_,_r. ? ,,,,,,,,,,,,,,,,,,,,
I I I I t I I

_65

MCDONNELL DOUGLAS AIqlT_OItIAUTIC_ COM_.4NIt," - EASY

00000009-TSA07



o

:-: RSIGAPHEATING FINALREPORT REPORT MDC E1003

ANALYSIS VOLUMEII 29 JAHUARY1974
?

d
I
o

. i:]

LLLL ZZZZ _ ZZZZZZZ_ZZZZZ 1
===_ aaaa _ _zzzzzzzzzz_QOOQOQ_O_ • OOOQQOO_O_OQ

z=, ;;;;;;;;;;; ; ;;;;;;;;;;;;;

||11 Iitl _ IQImllllQal _11 _1 _t_IIIIl$11|tl Ittlllllllllt

lilt lilt

_ _ ,lOllO,lllv IlllllllOlllO

_; _ _ ...........

766

MCDONNELL OOUOLAB ASTRONABITICS COMPANIV * E,_BT t

O0000009-TSA08



_,..RSIGAPHEATING FINALREPORT REPORT MDC ElO03 ,
"_ ANALYSIS VOLUME II 29 JANUARY 1'974

767

Mi_DOItlN£LL DOUGLA m A_ITROItlAUTIC_ COMPANIV . EASY

00000009-TSA09



:, _,_RSI GAPHEATING FINALREPORT REPORTMDCE1003ANALYSIS VOLUMEII 29JAHUARY1974



769/7/o

. /V_._'_DO_Ilt/ELL DOUGLA_ ASTROfi/ALITI(_ COMPAI_II_ ,, E_l_T

-- _ - =. -- +- --

. , + +.. _a
......

,,-_--'-'_'_-_'-_ --_ -_:::,+ .:,:, -::, _, ;_,_,, .;,...,_ _: , .. ,';__;,,j,_.._;,.,,_,_'.,;,;:,.,',.:G:;_,,.,+',_N_,:,._ ' ___.i Jlf _,_ _L'.___._:_

00000009-TSA11



FINAL REPORT rEPort mDCEIO0_
---ffSI GAP HEATING VOLUMEII 29 JANUARY1974

ANALYSIS

6.0 REFERENCES

MCDONNELL DOU( ;LA-cl AG'TRONAUTIC_'Sl COMPANV" EAST

I

O000000g-TSA12



L !

_,_ P HEATING ,- FINAl- REPORT REPORT MDC E1003 ,

i__.: ANALYSIS VOLUMe II 29 JANUARY 1974

_I ".' 6.0 REFERENCES

i. D. A. Throckmorton, "Data Man Report on the CFHT Tests," NASA TMX 71945

hi" "Heat Transfer to _urface in Gaps of RSI Tile Arrays In Turbulent Flow at

: M = I0.3," April 1974.

_li_ 2. C. B, Johnson, "meat Transfer Data to Cavities Between Simulated RSI Tiles

: at _ch 8," DMS-DR-2043, NASA CR-128,770, June 1973.* 3. Data Man DMS-DR 2035 NAS CR 134,007, "Thermal ProtectloD System Gap Heating

_ Rates of the Rockwell International Flat Plate Heat Transfer Model (OH2A and
(OH2B), by Thomas F. Foster (RI), William K. Lockman (NASA AMES) and W_lliam

J. Gclfall (RI).

" 77!

I ML_DOItlfttELL I_OUGLA8 ASTRONAUTICS COMPAItlV. EABT

NNNNNNNa_T A


